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FOREWORD 


The  "Driver"  for  any  Warfare  System  is  mission  needs.  The 
intention  in  this  document  is  to  relate  detail  design  to  the 
Driver.  It  provides  design  information  down  to  a  detailed  level 
and  provides  the  means  for  tracing  these  details  back  to  the 
mission  needs.  The  intent  is  to  establish  the  rationale  that 
links  each  detail  to  its  mission  needs  and  to  the  system  concept 
as  defined  by  the  Using  Command. 

Sections  I  and  II  present  an  overview  of  the  mission  and 
systems  concept  of  the  Using  Command.  They  provide  a  framework 
against  which  detailed  needs  are  to  be  developed.  They  estab¬ 
lish  the  criteria  for  selecting  and  defining  the  system  or 
subsystem  capabilities  necessary  to  achieve  the  mission  and 
system  concept. 

Section  III  redescribes  and  expands  upon  the  concept  of 
Sections  I  and  II.  The  restructing  is  to  organize  the  require¬ 
ments  in  terms  of  functions  needed  and  to  expand  the  description 
to  include  requirements  which  are  either  implied  or  are  deriva¬ 
tions  to  support  those  initially  specified.  The  content  is  aimed 
at  providing  an  awareness  sufficient  to  put  the  judgment  of  crew 
system  details  in  proper  context. 

Section  IV  addresses  the  crew  system  issue  as  a  system  rather 
than  as  a  collection  of  bits  and  pieces  of  equipment.  It  at¬ 
tempts  to  delineate  the  total  character ist ics  of  the  system  and 
to  define  those  characteristics.  This  is  done  in  terms  of  needs 
and  constraints  for  the  crew  system  design  needs.  These  needs 
were  originally  established  in  the  context  of  the  mission  and 
system  concept  of  Section  I  and  II.  They  are  further  defined 
in  terms  of  technological  capabilities,  cost  tradeoffs  and 
established  principles  of  the  applicable  technologies. 

Section  V  attends  to  the  methods  of  testing  the  suitability 
and  effectiveness  of  any  crew  system  which  is  proposed  for 
compliance  with  the  criteria  herein. 

Section  VI  describes  a  means  for  organizing  and  assimilating 
the  test  data  and  for  deriving  an  assessment  based  upon  those 
test  results  and  the  subjective  judgement  of  consulted  experts. 

The  structuring  in  a  systems  context  does  not  mitigate  the 
need  to  focus  on  specific  topics  in  the  actual  design  and  devel¬ 
opment  effort.  Format  and  indexing  of  this  document  provide  the 
opportunity  to  readily  separate  all  data  relevant  to  a  specific 
designer's  sections  as  control,  information,  etc.  Extracting  by 
topic  (e.g.,  hydraulic,  oxygen)  from  each  section  gives  the  com¬ 
plete  story  for  a  specialist. 


As  you  read  the  book  you  will  notice  statements  specifying 
requirements  for  systems  that  are  already  part  of  the  aircraft 
and  do  not  need  to  be  specified  as  new  requirements.  They  are 
included  here  because  this  document  has  a  broad  system  orien¬ 
tation  and  the  new  crew  system  criteria  need  to  be  presented  in 
the  total  system  context.  Considerably  more  detail  could  be  pro¬ 
vided,  but  is  not  since  most  of  the  present  C-135  systems  are 
adequate . 

The  crew  system  requirements  and  criteria  detailed  herein  are 
firm  only  to  the  extent  that  requirements  and  constraints  remain 
as  defined  and  that  the  assumptions  used  are  valid. 

The  development  of  these  design  criteria  was  conducted  under 
a  Memorandum  of  Understanding  between  the  Aeronautical  Systems 
Division  (ASD/SD28 ,  Airlift  Systems  Program  Office)  and  the 
Flight  Dynamics  Laboratory  (FDL) ,  Wr ight-Patter son  AFB  Ohio. 

This  report  was  prepared  in  part  by  ORLOC  located  in 
Kettering,  Ohio  as  a  sub  contractor  to  the  University  of  Dayton 
under  U3AF  Contract  F33615-79C-3030  and  in  part  by  the  Bunker 
Ramo  Corporation,  Electronics  Division,  Human  Factors  Group  under 
USAF  Contract  Number  F33615-78C-3614  located  in  Dayton,  Ohio. 

Mr.  Richard  Moss  ( AFWAL/FIGR)  is  the  Program  Manager.  The  work 
was  under  Project/Task  Number  23915200. 
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GLOSSARY  OF  TERMS 


NOTE:  All  terms  within  this  glossary  are  not  found  within  the 

report.  They  are  included,  however,  because  they  form 
the  common  language  used  by  the  design  community.  Their 
importance  is  in  having  a  common  reference  from  which  to 
communicate  with  others.  AF  Manual  11-1  is  the  standard 
reference  for  terms  not  included  in  this  glossary. 


AIRBORNE  SIMULATOR  TEST  -  A  testing  of  the  proposed  design  in  a 
specialized  test  aircraft.  A  complete  hardware  representation  of 
the  proposed  design  is  incorporated  in  an  aircraft  (in  the  cabin 
or  as  an  appendage  on  the  nose) .  Sophisticated  computer  and  con¬ 
trol  devices  permit  tailoring  the  real  or  apparent  dynamics  of 
the  test  vehicle  to  those  of  the  design  vehicle  performance  in  a 
flying  environment.  This  is  considerably  more  expensive  and  time 
consuming  than  all  prior  tests.  It  can  yield  data  not  otherwise 
available  and  produces  the  highest  level  of  confidence  in  the 
results,  except  for  OT&E. 

AIRCRAFT  SUBSYSTEMS  -  Lesser  systems  which  are  components  of  major 
aircraft  systems.  For  example,  subsystems  of  the  hydraulic  system 
might  include  landing  gear,  brakes,  wing  flaps,  nosewheel  steering 
and  speed  brakes. 

NOTE:  The  terminology  "system*'  and  "subsystem"  are  often  used 

synonymously . 

AIRCRAFT  SYSTEMS  -  Major  components  of  the  aircraft  which  operate 
from  a  common  source  of  power,  provide  a  common  power  source  to 
similarly  powered  components,  or  perform  a  major  function  engulf¬ 
ing  lesser  functions  or  components,  e.g.,  hydraulics,  electric, 
flight  control,  pressurization  and  air  conditioning,  engine 
power,  fuel. 

ARCHITECTURE  -  Design  and  selection  of  all  facets,  establishing 
character,  style,  the  collective  relationships,  the  structure 
(e.g.  federated  vs  control  computers,  multiplexing,  language, 
executive  control,  redundancy,  groupings  and  isolation). 

ASSESSMENT  -  Appraisal  —  to  judge  the  character,  the  value. 

AUSTERE  AIRFIELDS  -  Those  airfields  without  navigation  aids  and 
in  most  cases,  short  landing  areas  without  paved  landing  sur¬ 
faces  and  other  facilities  necessary  for  operation  of  typical 
medium/large  size  transport  aircraft. 

COCKPIT  INTERFACE  -  The  means  provided  for  the  flow  of  infor¬ 
mation  to  and  from  the  pilot.  These  include  the  display  of 
information  available  to  the  pilot  as  well  as  the  type  and 
characteristics  of  the  cockpit  controls. 


vOMPUNi'.NV  b  I  /  l  NG  AN:  PoRAML  1  l'.!'' 
functional  vehicle  design  to  : 
relevant  parameter:,.  (Example 
partments  and  pa  ■  ■  agi'-ways  -no 
t  i  ori:,  upon  workspace  layout, 
isolation  of  flight  deck.) 


PUR I VAT I ON  -  A r.  analysis  of  the 
dent,  it  v,  organize  and  quantify  the 
:  Size  and  configuration  of  com- 

•  '■•>«> r  loading  1  imits  impose  condi- 
‘I’ime  to  pressurize  -  can  require 


CONFIGURATION  -  The  aircraft  geometry  as  established  by  the 
actual  position  or  movable  portions  and  surfaces  controllable  by 
the  selectors,  ana  the  ' tate  or  operability  of  on-board  systems. 

CONTROLS  -  A  distinction  is  made  between  the  types  of  control;;  in 
the  cockpit  according  to  their  function.  Principal  controls  are 
the  primary  and  secondary  controls. 

Primary  -  Those  controls  used  by  a  pilot  to  continuously 
modify  the  movement  of  the  aircraft. 

Examples:  Pitch,  roll,  yaw  controls,  throttle,  DLC 

Secondary  -  Those  controls  used  by  a  pilot  to  make  discrete 
changes  in  the  movement  or  balance  of  the 
a  1 :  c  r  a  r  *  ,  thereby  modifying  tne  need  for 
actua;;  ion  of  the  primary  controls. 

Examples:  Pitch,  roil,  and  yaw  trimmers,  aerody¬ 

namic  oraking  devices. 

So  lectors  -  These  cccxpit  controls  available  to  the  crew  for 
changing  aircraft  configuration. 

Examples:  Flaps,  slats,  wing  sweep,  DLC. 


CONTROL/DI SPLAY  PARAMETER  DERIVATION  -  An  analysis  of  the  mission, 
the  mission  equipment  and  tne  vehicle  to  identify,  organize  and 
r  ‘  :  r  y  the  spebi  *'  re  pa  t  e  ■  to  be  nor  i  cored  and  controlled. 

( awn  i  <? :  Analysis  of  riv-  .on  profile,  considering  all  exi¬ 

gencies,  is  a  procedure  which  will  permit  the  designer  to  deline¬ 
ate  altitude  range,  accuracy  and  rate  of  change  of  altitude  for 
rein  barometric  a no  absolute  conditions.  This  is  information 
wn  cl,  must  be  dispiuyuble  for  control  purposes.) 


CONUS  AIRWAYS  -  The  established  Federal  airway  route  structure  in 
the  united  States  is  defined  by  u  series  of  ground-based  naviga- 
t  ior.  aids  broadcast  mg  magnetic  nearing  information  on  the  very 
high  frequency  bund  (VHP)  from  108.0  to  117.9  MHz  and  distance 
information  on  the  ultra  high  frequency  (UHF)  band  from  962  to 
1211  MHz.  Area  Navigation  (RNAV)  Routes  and  terminal  procedures 
based  on  RNAV  are  in  oe ; .  ig  and  are  extensively  used  in  FAA  future 
plans.  An  RNAV  capability  with  a  vertical  navigation  capability 
will  be  necessary.  The  equipment  must  receive  the  respective 
broadcast  information  and  provide  aircraft  lateral  and  longitu¬ 
dinal  position  into; mat  Lon  to  the  aircrew.  Range  and  vertical 
navigation  information  must  also  be  available  for  the  aircrew. 
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Tho  Federal  Aviation  Administration  (FAA)  requires  that  all  air¬ 
craft  operating  within  Federally  controlled  airspace  be  readily 
identifiable  to  their  ground,  radar-based  traffic  control  sys¬ 
tem.  The  aircraft  must  be  equipped  with  an  identification 
beacon  capable  of  transmitting  certain  selected,  coded  signals 
receivable  by  FAA  radar.  The  FAA  also  requires  that  aircraft 
operating  within  controlled  airspace  remain  in  voice  contract 
with  the  ground-based  airspace  controlling  agencies.  All  of 
these  agencies  transmit  and  receive  voice  on  the  VHF  band  from 
118.0  to  135.9  MHz.  Addi t ional ly ,  some  of  these  agencies  trans¬ 
mit  and  receive  on  the  UHF  band  from  220.0  to  399.9  MHz.  Coastal 
airspace  controlling  agencies  also  transmit  and  receive  on  the  HF 
band  from  2.0  MHz  to  29.999  MHz. 

CREW  DUTIES  -  The  tasks  to  be  performed  by  a  single  crew  member 
or  the  division  of  duties  to  perform  the  design  scenario  when 
the  system  is  operated  by  more  than  one  crew  member.  Tasks  are 
assigned  based  upon  operator  skill  specialities,  space  and  geom¬ 
etry  available  for  location  of  operational  components,  stress 
levels  and  time  available  versus  time  required  to  perform  the 
task.  (Example:  Pilot's  tasks  include  flight  control,  power 
control,  communication,  scanning  for  other  air  traffic,  etc. 
Navigator's  task  include  operation  of  long  and  short  range  navi¬ 
gation  systems,  operation  and  interpretation  of  the  radar  system, 
fuel  planning,  etc.) 

CREW  SIZING  -  The  number  of  crew  members  is  established 
considering:  operator  workload,  degree  of  automation,  limita¬ 

tions  in  system/vehicle  size  (i.e.,  space  to  operate),  cost  fac¬ 
tors  and  desires  of  the  customer.  (Example:  Tasks  of  flight 
control,  communication,  navigation,  power  control  and  mission 
performance  require  2  pilots,  1  navigator  and  1  flight  engir°er. 
Space  limitations  and  customer  desires  restrict  the  number  of 
crew  members  to  a  maximum  of  3  people.  The  design  is  revised  to 
reallocate  duties  among  crew  members  AND  the  machine.  Redesign 
of  equipment  or  inclusion  of  additional  automatic  capability  is 
probable . 

CREW  SYSTEMS  -  The  interface  between  the  aircrew  and  the  aircraft 
systems  including  controls,  displays  and  operational  procedures/ 
logic;  that  portion  of  aircraft  systems/subsystems  that  are 
affected  by  the  aircrew. 

CRITERIA  -  A  standard  of  judgment;  an  established  principle  for 
testing. 

DESIGN  SCENARIO  -  Portions  of  the  total  mission  scenarios  that 
are  selected  for  use  in  designing  the  system  and  for  bench  mark 
testing.  Segments  of  the  total  mission  scenario  have  been  elimi¬ 
nated  because  they  were  contained  within  other  segments,  deter¬ 
mined  to  be  noncritical,  determined  to  be  redundant  or  for  other 
similar  reasons.  The  design  mission  scenario  may  be  described  in 
the  same  variety  of  ways  as  the  total  mission  scenario  (i.e.. 
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summary  narrative,  narrative,  r lbbon- in-tne-sxy ,  altitude/timeline 
curves,  design  scenario  timeline).  Typically,  it  is  described  in 
all  of  these  ways  during  the  process. 

DESIGN  REVIEW  -  A  formalized  process  where  by  designated  repre¬ 
sentatives  of  various  concerned  organizations  review  and  critique 
the  design.  This  is  conducted  during  the  design  process  and  may 
be  repeated  several  times.  The  trial  design  is  described  to  the 
Design  Review  Panel  and  they  in  turn  may  view  it  intimately  in 
the  mock-up.  The  members  submit  written  remarks,  critiques  and 
requests  which  serve  as  guidance  to  the  design  team.  It  provides 
a  useful  check  on  concerns  of  standardization  and  static  design 
features.  However,  it  makes  no  attempt  to  deal  with  the  dynamics 
involved  with  mission  scenarios.  Typically,  the  Design  Review 
Panel  includes  a  representative  for  each  of  such  organizations  as 
procurement,  management,  logistics,  operations,  I.G.,  requirements 
and  engineering. 

DYNAMIC  REVIEW  -  A  relatively  new  procedure  which  emulates  the 
"Mock-up  Review"  but  extends  the  effectiveness  of  the  review  pro¬ 
cess.  It  is  used  by  the  design  team  for  the  development  process 
and  for  presentation  to  the  Review  Panel.  The  procedure  includes 
a  representation  of  the  dynamics  to  be  encountered  by  the  crew 
durinq  the  mission.  One  or  more  crews  "operate"  the  system  in 
accordance  with  the  design  scenario.  The  three  major  changes 
from  tne  Design  Review  are  (1)  mission  oriented  test  subjects  (2) 
test  conducted  against  the  design  scenario  and  (3)  tests  conducted 
in  an  experimental  manner.  (Example:  10  crews,  each  consisting 
of  a  pilot,  copilot,  navigator  and  loadmaster,  all  currently 
qualified  to  perform  the  USAF  tactical  aerial  resupply  mission, 
are  trained  on  the  systems  with  which  they  were  unfamiliar,  pro¬ 
vided  with  checklists  for  normal  and  emergency  systems  operation, 
briefed  on  the  missions  contained  in  the  design  scenario,  and 
provided  with  all  necessary  forms  and  flight  publications.  The 
crews  then  "fly"  the  design  (or  series  of  designs)  by  simulating 
performance  of  all  tasks  as  they  arc  guided  through  the  mission 
by  tne  experimenter's  script..  Experimenters  collect  subjective 
data  through  questionnaires  and  debriefings.) 

DYNAMIC  TEST  (SIMULATION)  -  A  testing  of  the  proposed  design 
against  the  Design  Scenario  using  simulation  to  represent 
aircraft  dynamics  and  avionics.  Simulation  of  the  visual  scene 
and  cockpit  motion  may  be  included.  This  is  an  iteration  of  the 
Dynamic  Test  (Mock-Up)  process  with  a  considerable  increase  in 
the  sophistication  or  the  test  and  fidelity  of  replicating  a  real 
world  condition.  The  increased  sophistication  and  fidelity  pro¬ 
vides  a  significantly  higher  degree  of  confidence  in  the  results. 
It  is  expensive  and  time  consuming  and  therefore  justifiable 
only  after  simpler  screening  devices  e.g.,  Dynamic  Test 
(Mock-Up)  and  Design  Review  have  given  adequate  assurance  of 
the  validity  of  the  design.  The  equipment  should  simulate, 
as  closely  as  possible,  an  operational  model  of  tne  proposed 
system  design.  The  test  is  conducted  similarly  to  the  Dynamic 
Test  (Mock-Up),  using  the  same  caliber  of  test  subjects,  and  the 
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same  design  scenario.  Both  subjective  and  objective  (perfor¬ 
mance)  data  can  be  collected  with  the  more  sophisticated  equip¬ 
ment.  (Example:  Mission  qualified  aircrews  test  the  system 
design  by  performing  the  design  scenario  in  a  flight  simulator 
with  all  of  the  controls  and  displays  installed,  on  which  most 
of  the  critical  systems  simulate  operation.  Experimenters  pro¬ 
vide  representation  of  communicat ion  stations  -  tower,  ground 
control,  other  aircraft.  Realism  a±so  requires  ground  school, 
flight  training,  preflight  briefings  and  post  flight 
debr ief ings . ) 

EASILY  INTERPRETABLE  -  Values  and/or  information  display'd  can  be 
determined  with  a  high  degree  of  accuracy  without  additional 
measuring  devices/scales . 

EVALUATION  SCENARIO  -  Portions  of  the  Design  Scenario  that  are 
selected  for  use  in  testing/evaluating  the  system.  Ingredients 
are  chosen  to  represent  most  "worst  case"  uses/operations  and 
to  condense  the  Total  Mission  Scenario  so  that  ‘'.ess  time  is 
required  during  the  testing  phase.  The  evaluation  scenario  may 
be  described  in  the  same  variety  of  ways  as  the  Total  Mission 
Scenario,  however,  it  is  typically  only  described  in  the  form  of 
an  evaluation  scenario  timeline.  (Example:  Long,  relatively 
inactive  inflight  cruise  segments  may  be  eliminated,  similar  type 
maneuvers  may  be  flown  only  once  rather  than  repeatedly,  and 
mission  segments  ma\'  be  condensed  or  combined  to  address  the 
issues  only  during  the  high  aircrew  workload  portions.) 

EXPERIMENTER'S  SCRIPT  -  The  words  to  speak  during  mission  commu¬ 
nications  and  the  actions  to  cake  (staging)  by  the  experimenters 
during  the  test/evaluat ion  process  so  as  to  assure  that  all  test 
subjects  receive  essentially  the  same  information  inputs.  The 
script  is  placed  along  the  same  timeline  as  the  evaluation  sce¬ 
nario.  (Example:  At  time  01:28  +  15,  Boston  Center  transmits, 
"Blue  one  flight,  climb  to  FL300.  Change  to  New  York  Center  on 
133.95  and  report  to  them  passing  PL280  and  leveling  at  FL300.") 

FAILURE  STATE  -  A  steady-state  failure  characterized  by  the 
various  failed  systems  that  affect  the  handling  qualities.  The 
dynamic  effect  or  a  failure  is  called  a  change  of  state  and 
should  be  noted  separately. 

Examples:  Any  failure  resulting  in  loss  of  selected  func¬ 

tion.  Engine  failure,  augmentation  system, 
failure  in  stability,  autothrottle,  primary 
flight  control  system  (power  boost,  electric 
stick,  servo  control  feel,  etc.)  or  secondary 
flight  control  system  (trim,  aerodynamic  brake, 
etc.) . 

FLIGHT  or  SORTIE  -  A  complete  sequence  of  flight  phases  of  an 
aircraft  within  one  of  its  roles.  Full  or  complete  mission. 

Example:  The  composite  of  takeoff,  climb,  cruise,  combat 

for  other  special  phase),  descent,  approach, 
landing. 
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FLIGHT  PHASE  -  A  dcM>jndted  port  ion  or  segment  of  a  complete 
flight.  A  mission  phase.  A  flight  phase  may  be  represented  by 
one  or  more  separate  tasks. 

Examples:  ia)  Common  phases  --  takeoff,  climb,  cruise, 

descent,  approach,  and  landing. 

(h)  Special  phases  reguireo  by  role  --  formation, 
rerue  ling,  air-to-air  or  air-to-ground  combat, 
w.  ajicti  c.«> .  i  very,  ei;.  urgency  conditions  (i.e.,  2- 
oi  j-ongino  operation,  emergency  descent,  etc.), 
VTOL  transition,  VTOL  hover,  STOL  takeoff,  and 
STOL  approach. 

FLIGHT  SUBPHASE  -  That  part  of  a  flight  phase  having  a  single 
objective,  and  a  single  configuration  or  change  in  a 
conf igurat ion . 

Examples:  Air-to-air  tracking,  terminal  area  holding,  glide 

slope  capture,  localizer  capture,  ILS  tracking, 
wave  of f . 

FORMAT  -  A  symbol  o:  group  ol  symbols  arranged  in  a  specific 
manner  to  portray/display  information. 

FUNCTIONAL  REQUIREMENTS  -  A  description  of  the  total  needs  of  the 
Warfare  System  organized  and  expressed  as  a  listing  of  all  of  the 
capabilities  which  the  weapon  system  must,  have  (or  contain)  in 
order  to  satisfy  the  needs  of  the  requester. 

FUNCTIONAL  SYSTEM  DESCRIPTION  -  A  description  which  identifies 
and  describes,  in  conceptual  terms,  the  subsystems  proposed  to 
satisfy  the  capability  needs  listed  under  Functional  Require¬ 
ments.  Also  described  are  the  significant  interrelationships 
among  these  conceptual  subsystems.  This  is,  in  effect,  the 
first  overall  description  of  now  the  weapon  system  is  to  br¬ 
ut  rue  cured  and  how  : t  is  to  function. 

HANDLING  QUALITIES  -  Those  qualities  or  char aeft r ist ics  of  an 
aircraft  that  govern  the  ease  and  precision  with  which  a  pilot  is 
able  to  perform  the  tasks  required  in  support  of  an  aircraft 
role. 

I  N'f'U  1 T I VELY  QBV I OGS  -  Car.  be  described  or  operated  correctly 
without  training  or  explar.it  ion. 

MANEUVER  -  A  planned  and  regulated  movement  of  an  aircraft  tor 
the  purpose  of  aiding  the  completion  of  a  given  control  task. 

Examples:  Manx,  'urn,  dive,  pullup,  turn  reversal,  roll 

reversal,  rolling  pullup,  steady  sideslip,  return 
from  sideslip,  control  steps  and  pulses,  main¬ 
tenance  of  a  steady  condition. 


MISS  LON  -  The-  objective-,  that  is,  the  task  together  with  its  pur¬ 
pose,  thereby  clearly  indicating  the  action  to  be  taken  and  the 
reason  therefore.  The  composite  of  pilot-vehicle  functions  that 
must  be  performed  co  fulfill  operational  requirements.  May  be 
specified  for  a  role,  complete  flight,  flight  phase,  or  flight 
subphase . 

MISSION  DESCRIPTION  -  A  description  of  the  job  or  joos  to  be 
done.  It  addresses  the  intent  ol  end  objective  and  includes  a 
fair  amount  of  detail  in  terms  of  the  employment  and  conditions 
of  operation.  The  total  effort  stems  from  an  adequate  and 
complete  mission  description  and  therefore  the  quality  of  this 
effort  determines  the  quality  of  the  design  product.  Extensive 
coordination  with  the  customer  is  essential.  (Example:  Vehicle 
is  to  support  Ground  Forces  by  transporting  troops  and  supplies 
to  the  battle  area.  Transport  a  special  forces  team  with  full 
gear  and  equipment  to  an  aerial  drop  zone  behind  enemy  lines 
where  enemy  threats  to  the  aircraft  exist.) 

MISSION  NARRATIVE  -  A  ipr  ion  of  the  planned  use  of  the 

system  told  in  story  (essay)  form.  Description  is  presented  in 
terms  of  the  real  sequence  and  describes  roles,  activities,  rela¬ 
tions  and  events.  (Example:  The  aircraft  will  depart  Boston  as 
leader  in  i  •  ship  :ot matron,  carrying  a  23  man  special  forces 
team,  2  jeeps  and  a  '.  tor.  truck .  The  flight  will  proceed  at  an 
altitude  of  27,C0C  r  t  to  Newfoundland  and  rendezvous  with  a 
KC-1 35  tanker.  Tr.u  story  continues  with  route,  destination, 
enroute  weather,  ertroute  mission  tasks,  threat,  recovery  proce¬ 
dures,  etc. 

MISSION  SCENARIO  T  .'ME..  INF.  yTOVA,,,  DESIGN,  EVALUATION)  -  A  very 
detailed  description  of  all  uses/operations  that  the  system  must 
be  df-s ig.u-n  ■  o  pt>.  •  ore  in  its  expected  operational  environment. 

I t  includes  task  .  pot  formed  by  the  aircraft  and  each  of  the  crew 
members  shown  against  the  time  (elapsed,  GMT,  local,  etc.)  at 
which  t  he  tank  scours.  Thi.  is  one  of  the  methods  by  which  the 
appropriate  miss. on  scenario  may  oe  described .  Example:  At  time 
I  :2a  -r  JO,  P il qc  ad  ;;:ts  pow-  r  ,  begins  climb  to  FL300.  Cop  1  lot 
report..-  to  A'.V  "  n.  no:  FEl'G",  headmaster  briefs  passengers  on 
oxygen  mask  req-u  .  ret.-  '. 

M  I_SS  IGN_  T ’.MV  _pjEE(_N  TTJ.j  ''N  -  A  liosc  t  pt  ion  of  the  various  tasks 
which  make  us  a  specific  mission.  (Example:  Precise  positioning 
.a  space  with  respect  to  a  restricted  drop  zone.  Maintain  stabi¬ 
lized  :.  ight  wh  i  e  dropping  large  cargo  mass.  Establish  and 
maintain  secure  comma  r.  i  cat  ion  w.th  ground  troops.  In-flight 
refueling  during  return  leg.) 

MOCK-IJP _ REVIEW  -  A  formal  review  o:  r.ho  design  being  presented  .n 

’.to,  intended  final  :  nrm.  The  Mr>e<-;,p  ho.u  •  ;  to  mike  ;-,e  final 
dec  i  a  ion  on  accept  a  see  t  n--  <•■-..  .cn  for  f  uhr  icat  ion  .  'ompo  - .  - 

f  i  on  ot  rh<‘  Boa:  :  .  no  .  udo.»  *.ne  .  m.o  ore.m  .  73'  ;o;.n  as  part  iciputeo 
in  the  Design  Review  r-  ,*  general  iy  o:  incision  making  eve  1  r  . 
Conduct  of  *  hi  r  ■  v.ow  :  s  essentially  t  he  cam--  as  a  Design  Review. 


MOCK-UP  SHELL  -  A  full  scale  replica  of  the  system  wherein  all 
dimensions  of  the  vehicle  are  accurately  presented.  It  includes 
accurate  location  and  dimensioning  of  structural  members  which 
relate  to  (or  interfere  with)  the  crew  compartments  and  their 
equ ipments . 

OPERATION  -  A  military  action,  or  the  carrying  out  of  a  military 
mission,  strategic,  tactical,  service,  training,  administration; 
the  process  of  carrying  on  combat,  including  movement,  supply, 
attack,  defense  and  maneuvers  needed  to  gain  the  objective  of  any 
battle  or  campaign. 

PANEL  LAYOUT  -  Arrangement  and  location  of  the  components  in 
workspace/panel  space  available.  Consideration  is  given  to 
grouping  functional  activities,  operational  control,  etc.  The 
controls  and  displays  are  arranged  on  the  panels  and  consoles 
according  to  some  pattern  such  as  the  systems  that  they  pertain 
to,  access  to  the  crew  member  who  will  operate  the  system, 
ingress/egress  considerations,  vision  requirements,  etc. 

(Example:  Attitude  is  aligned  with  pilot's  center  line  and  HSI 

is  directly  below  the  attitude  on  the  center  line  for  symmetry 
and  correlation  with  control  actions  for  control  of  line  of 
flight . ) 

PERFORMANCE  -  The  precision  of  control  with  respect  to  aircraft 
movement  that  a  pilot  is  able  to  achieve  in  performing  a  tasK. 

( Pi lot-veh icle  performance  is  a  measure  of  handling  performance. 
Pilot  performance  is  a  measure  of  the  manner  or  efficiency  with 
which  a  pilot  moves  the  principal  controls  in  performing  a  task.) 

REQU I REMENT  -  Something  essential  to  the  aircraft/weapon  system. 
The  need  or  demand  for  personnel,  equipment. 

RIBBON- IN- THE- SKY  -  For  purposes  of  oriefings  and  discussions,  an 
artist's  concept  sketch  is  often  used  to  provide  a  pictorial 
represent  at  ion  oS  the  total  flight  path  for  a  mission.  Sketch 
includes  three  dimensional  data  and  notations  of  specific  task 
objectives  (e.g.,  orbits,  refuel,  LAPES) . 

SORTIE  -  An  aircraft  un  a  mission  or  in  direct  support  of  such  a 
mission.  (One  take  ofr  and  one  full  stop  landing) 

BP EC  I  FI CAT I ON  -  A  detailed,  precise  description  of  the  weapon 
system,  its  hardware ,  software,  geometry  or  other  design 
pa r  a met e r . 

■STATE  -  The  mass  distribution  and  failure  situation  that  deter¬ 
mine  completely  the  ue.iavior  characteristics  of  the  aircraft.  A 
state  without  a  failure  is  a  normal  state. 


STATEMENT  OF  NEED  (SON)  -  The  requirement  for  a  system  as  stated 
by  an  operational  organization.  Usually  a  general  description  of 
the  desired  system  and  its  intended  use.  It  may  also  contain 
some  very  detailed  needs  or  constraints.  (Example:  Vehicle  will 
be  a  large  jet  transport  aircraft  capable  of  rapidly  moving  a 
company  of  troops  and  their  equipment  to  worldwide  locations  and 
landing  at  austere  airfields.  The  system  must  include  anti-skid 
braking . ) 

SYMBOL  -  A  sign  or  code  used  to  represent  something  else. 

SYMBOLOGY  -  One  or  more  symbols  which  make  up  a  format  to 
portray/define  information. 

SYSTEM  VALIDATION  -  "Proof  of  the  Pudding".  The  ultimate  test  is 
operation  of  the  real  and  total  system  in  the  context  of  the  real 
problem.  It  is  for  this  purpose  that  prototype  vehicles  are 
built.  Emphasis  in  the  prototype  programs  has  been  upon  vehicle 
and  propulsion  aspects.  However,  the  increasing  expense  and  risk 
of  effectiveness  related  to  avionics  and  crew  performance  are 
making  total  prototype  validation  more  realistic. 

TASK  -  The  actual  work  assigned  a  crew  member  to  be  performed  in 
completion  of  or  as  representative  of  a  designated  flight 
segment . 

Control  -  That  part  of  a  task  which  requires  continuing 
actuation  of  the  principal  controls  and  use  of 
the  selectors  (see  "CONTROLS")  as  required. 

Examples:  Movement  between  specified  points,  tracking  part 

of  weapon  delivery,  ILS  or  VOR  tracking. 

Auxiliary  -  That  part  of  a  task  which  involves  the  crew 

member  in  actions  other  than  direct  control  of 
the  aircraft. 

Examples:  Navigation,  communication  monitoring,  and  selec¬ 

tion  of  systems. 

TASK  ASSIGNMENT  (MAN-MACHINE  ALLOCATION)  -  The  very  specific 
duties  of  the  aircraft  and  each  crew  member  during  the  design 
mission  scenario.  Each  crew  member's  tasks  are  olaced  on  the 
timeline  based  upon  predetermined  operational  . roceduies,  systems 
training,  access  to  the  controls  and  displays  and  coordination 
process  with  other  operator:;.  (Example:  At  time  1  :  28  +  30  , 

P 1  lot  moves  throttles  to  set  climb  power,  checks  power  indication 
on  gauges,  pulls  back  on  elevator  control  to  begin  climb  from 
FL250  to  FL300,  checks  aircraft  attitude  and  airspeed  on  flight 
instruments.  Copilot  presses  microphone  button,  transmits  report 
to  Boston  Center  that  aircraft  is  leaving  FL250  and  scans  outside 
the  aircraft  for  other  traffic.  Aircraft  maintains  lateral 
course  through  autopilot  and  navigation  management  systems. 1 


TEST  PREPARATION  -  All  of  the  actions  taken  by  the  experimenters 
and  support  personnel  in  preparation  for  the  test.  Generally, 
the  more  soph  ist.  icated  the  test,  the  greater  amount  of  prepara¬ 
tion  required.  (Example:  Fabrication  of  test  vehicle;  design 
and  fabrication  of  experimenter's  station  and  equipment;  prepara¬ 
tion  of  the  test  plan  to  include  experimental  design  type  of  data 
to  be  collected,  specification,  selection  and  obtainment  of  test 
subjects,  and  test  agenda;  training  materials  for  the  subjects 
including  descriptions  of  the  systems  and  weather,  route,  threat, 
mission,  crew  operating  procedures;  briefing  materials  including 
mission,  route,  threat,  fuel,  weather,  etc.;  test  operating 
materials  including  experimenter's  script  and  operational 
checklists;  data  collection  including  objective  data  parameters, 
methods  and  formats,  and  questionnaires,  debriefings  and  obser¬ 
vation  forms  for  subjective  data. 

TIMELINE  ANALYSIS  -  A  derivation  of  time  and  motion  studies 
wherein  all  the  monitoring  and  control  requirements  for  the 
entire  mission  scenario  are  examined  against  a  time  base.  The 
time  interval  can  be  a  fraction  of  a  second  for  highly  active 
flight  phases  or  changed  to  several  second  or  minute  intervals 
where  activity  is  relatively  dormant.  This  is  an  aid  in  esti¬ 
mating  workload,  and  allocating  tasks  among  the  crew  or  to  the 
machine . 

TOTAL  MISSION  SCENARIO  (.V.  -  All  portions  of  all  missions  or  sor¬ 
ties  that  the  aircraft  will  accomplish.  Typically  many  portions 
are  repetitious,  such  as  takeoff,  climb  and  cruise  segments 
dccompl ished  under  similar  environmental  conditions.  All  mission 
scenarios  must  be  considered  during  the  mission  analysis  phase  of 
design  in  order  to  assure  that  all  aircraft  capabilities  are 
defined.  The  total  mission  scenario(s)  may  be  described  in  any 
of  several  ways  including  (1)  summary  narrative,  (2)  narrative, 

(3)  r ibbon- m-the-sky ,  (4)  altitude/time  profiles  and  (5)  mission 

scenario  timeline.  Typically,  only  summary  narrative  and  narra¬ 
tive  are  prepared  during  ;.I.e  process. 

VAb I DAT I ON  -  To  substantiate.  To  confirm.  To  give  official 
sanction,  confirmation  or  approval. 

VEHICLE  DESCRIPTION  -  A  generic  description  of  the  vehicle  which 
is  needed,  or  proposed,  to  meet  the  SON.  (Example:  The  aircraft 
will  be  a  four  engine  turbojet,  high  wing,  large  footprint  STOL 
transport  capable  of  being  aerial  refueled  as  a  receiver  and 
transporting  outsize  cargo.) 

VEHICLE  FUNCTIONS  DESCRIPTION  -  A  description  which  is  essen¬ 
tially  internal  to  the  vehicle.  It  is  directed  to  the  internal 
working  of  the  vehicle  and  the  functions  which  the  vehicle  must 
have  in  order  to  satisfy  the  generic  description  and  the  mission 
requirements.  (Example:  High  altitude  equipment,  heating  and 
cooling,  pressurization  to  cope  with  the  planned  ranges  of  alti¬ 
tude  and  weather;  auxiliary  power  and  self  start  for  remote 


locations;  lift  augmentation  and  drag  devices  for  short  fields, 
self  contained  navigation  for  operation  to  remote  areas 
worldwide. ) 

WORKLOAD  -  The  integrated  physical  and  mental  effort  required  to 
perform  a  specified  aircrew  task. 

Physical  -  The  effort  expended  by  the  pilot  in  moving  or 
imposing  forces  on  the  controls  during  a  spec¬ 
ified  piloting  task. 

Mental  -  Mental  workload  is  at  present  not  amenable  to 

quantitative  analysis  by  other  than  pilot  eval¬ 
uation,  or  indirect  methods  using  physical 
workload  (input)  and  the  task  performance 
measurements.  An  example  would  be  the  improve¬ 
ment  associated  with  flight-director  type 
displays  which  reduce  the  mental  computations 
normally  required  of  the  pilot. 

WORKSPACE  LAYOUT  -  The  geometry  of  the  entire  crew  station.  The 
crew  station  is  the  mobile  office  where  man,  machine  and  job 
interface  and  where  decisions  are  made.  The  validity  of  those 
decisions  and  the  resultant  success  or  failure  of  the  mission  are 
directly  related  to  how  well  the  crew  station  is  designed  to 
fulfill  the  requirements  of  the  crew  members.  (Example  of  things 
to  be  considered  during  layout:  seating,  panels,  consoles, 
reach,  vision,  visibility,  ingress/egress,  lighting,  headroom, 
etc. ) 
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SECTION  I 


INTRODUCTION 


This  section  provides  the  weapon  system  requirement  as 
defined  by  the  Using  Command  along  with  all  formally  stated 
goals,  conditions  and  constraints. 

This  Design  Criteria  Notebook  provides  criteria  for  revision 
of  the  existing  crew  stations  of  the  KC-135  aircraft  under  the 
"KC-135  Avionics  Modernization  Program"  (Ref.  1). 

In-as-much  as  mission  performance  is  dependent  upon  the 
effectiveness  of  the  crew  and  its  ability  to  use  the  vehicle,  it 
is  incumbent  upon  the  procuring  and  developing  agencies  to  assure 
a  crew  system  design  which  is  compatible  with  crew  behavior, 
capabilities,  and  limitations,  vehicle  performance,  avionics 
equipment  and  the  desired  mission  objectives.  It  is  the  objec¬ 
tive  of  this  document  to  provide,  for  use  of  the  procuring  and 
developing  agencies,  criteria  which  consider  all  of  these  factors 
in  appropriate  balance  and  in  a  total  system  context. 

In  developing  tne  criteria,  a  methodical,  iterative  process 
is  employed  in  conjunction  with  the  Using  Command,  the  System 
Project  Office,  the  AFSC,  and  other  agencies.  It  involves 
oxnaustive  descriptions  of  desired  mission  and  vehicle  perfor¬ 
mance,  examination  of  crew/vehicle/mission  interfaces,  equipment 
assessment,  trade-off  studies  and  system  performance  assessment. 
Tne  objective  is  the  determination  of  the  essential  criteria  to 
which  a  crew  system  r.uSt  conform  if  it  is  to  satisfy  the  goals 
(needs)  of  the  Using  Command  for  a  specific  weapon  system. 

The  KC-135  Avionics  Modernization  Program  is  responsive  to 
objectives  set  forth  in  SAC  directives  and  Required  Operational 
Capability  (ROC)  documents  (Ref.  2).  Specific  goals  are  improve¬ 
ment  of  navigation  system  performance,  modification  of  the  crew 
complement  through  elimination  of  the  navigator  and  installation 
of  modern  navigation  systems.  These  nave  been  strictly  observed 
in  the  drafting  of  criteria. 

Detail  program  objectives  are  as  follows: 

1.  Reduce  crew  size  by  eliminating  the  navigator  position. 
Functions  r.ow  perrormed  by  the  navigator  will  be  handled 
by 

(a)  Incorporating  the  functions  in  a  revised  avionic 
s uit e  o r : 

(o',  Assigning  *  hem  to  another  crew  member,  or 
( c /  Eliminating  t hem . 

2.  The  revised  crew  system  will  have  greater  capability 
than  the  present  system. 


r 


3.  All  commur  .cut  :■  -navigat  ion  end  sab systems  f  ur.ct  ior.s 
:r.  .1  t.  he  capab-e  o'  being  monitor  on  or  controlled  from 
b o  t h  p  1 1 o r  a n  d  . :  o p i 1 o  t  station s . 

4.  Auto., ..at  ic  ;  es  of  ‘  system  snoula  be  under  pilot 

manage;.. eat  .  The  system  should  at  all  times  inform  the 
pilot  of  whet  it  is  attempting  to  do  (e.g.,  maintain 
altitude,  follow  a  course)  and  provide  the  pilot  with 
means  of  assessing  its  progress  in  achieving  that 

p-;  r  t  or m w>r.ce  . 

5.  The  system  should  advise  the  pilot  of  its  own  status  and 
capability,  including  remaining  capability  in  a  partially 

tail  e  c:  mi  .dc  . 

6.  Capability  must  be  provided  for  the  pilot  to  make  easy 
and  natural  control  inputs.  Waypoint  coordinates,  for 
instance,  hould  tie  intertable  in  any  of  a  number  of 
ways,  including;  iat i tude/long i tude ,  bearing/distance, 
or  grid  coordinates. 

7.  Changes  i  r.  procedures  and  m  the  forms  to  be  used  will 

consider*  d  i  f  system  et  feet  iveness  can  be  enhanced. 

3.  improved  .\  t  -et.  feet  i  veness  is  desired.  Providing 

ecu  i  a..*-  •  -  on  me  tanker,  rather  than  on  the  receiver  is 
an  accepts  If  means  to  achieve  improvement. 


Based  upon  an  examination  of  tne  objectives  set  forth  in  the 
documents  the  following  additional  conditions  were  inferred: 

1.  Integration  or  navigation,  radar,  and  autopilot  systems 
is  required  for  automating  some  flight  operations. 

2.  Crew  nys-.  terns  ",  >d  i  ,  i  cat.  ions  should  be  compatible  with 

ot  he  i  modification',  pro  ;ected  for  the  KC-135  fleet,  and 
should  take  advantage  of  the  increased  operational  capa¬ 
bilities  provided  by  tne  new  systems.  Projected  modifi- 


cations  which  affect  crew  systems  (Ref 

.  3) 

are : 

AjRN-J  Lb  TACAN 

In  progress 

-  FY8 1 

APN-  3  9  F, ;  V)  Radar 

In  progress 

-  FY  8  1 

Inertial  navigation  system 

In  progress 

-  fyr: 

Common  strategic  doppler 

In  progress 

-  FY8  2 

EC KPS  solid  state  converter 

FY83 

-  88 

HF/SSB  radio 

FY  8  2 

-  83 

VHP  radio  ARC- 186 

FY  8  4 

8  5 

UHF/VilF  secure  voice 

FY  8  2 

-  86 

Global  Positioning  System  (GPS) 

FY  8  2 

-84 

AHRS  and  Autopilot  Gyros 

FY8  3 

-  86 

W i ng lets 

FY  8  3 

-  88 

Re-engine  Program 

FY  8  3 

-  9  C 

Standard  Fuel  Savings  Advisory  System 

FY8  3 

-83 

Advanced  Air  Refuel  Boom 

FY  8  4 

-  87 

SECTION  II 


WEAPON  SYSTEM 


This  section  nrovides  the  genesis  of  the  weapon  system 
requirement.  The  mission,  as  the  driver  and  motivator,  has  been 
developed  ny  the  Using  Command. 

Operating  conditions  and  weather  complicate  the  problem  and 
pose  additional  requirements  upon  the  system.  The  actual  vehicle 
and  subsystems  do  not  have  unlimited  capability  (a  technology 
limit  and  a  physical  limit)  and  therefore,  in  the  context  of 
mission  desires,  must  be  regarded  as  a  constraint. 

The  proposed  mission  applications  are  described  and  examined 
for  their  requirements  impact  upon  the  vehicle  and  crew.  To 
facilitate  the  examination  and  to  provide  a  bench  mark  for  sub¬ 
sequent  assessment  of  candidate  designs,  a  composite  is  estab¬ 
lished  of  ail  critical  mission  tasks  in  a  complete  and  realistic 
scenario  of  employment  of  the  Weapon  System.  This  is  identified 
as  the  Design  Scenario. 

A.  MISSIONS .  This  is  a  mul t i-m i ss ion  aircraft  capable  of:(l) 
transporting  aircraft  fuel  and  providing  inflight  refueling;  (2) 
airlift  of  cargo  and  personnel. 

1.  FUEL  TRANSPORT/AIR  REFUELING.  The  system  is  to  transport 
fuel  for  use  in  designated  USAF,  USN,  USMC,  and  NATO  aircraft. 

It  is  to  rendezvous  with  other  aircraft  and  perform  air 
refuel  ing . 

a.  RENDEZVOUS .  To  accomplish  an  air  refueling  the  system 
must  rendezvous  with  the  receiver  aircraft  by  navigating  to  a 
predetermined  location,  then  utilize  various  means  compatible 
with  that  of  the  receiver  to  arrive  at  a  position  within  visual 
range  of  the  receiver.  The  means  presently  utilized  to  accommo¬ 
date  any  type  of  rendezvous  are:  (1)  search  radar  with  the  capa¬ 
bility  of  rece iv i ng/d i splay i ng  range  and  bearing/beacon  signals 
and  skin  paint;  (2)  TACAN  capable  of  transmitting/interrogating 
TACAN  range  signals  to  and  from  the  receiver;  (3)  UHF  direction 
tinder  capable  of  receiving  a  signal  in  the  UHF  frequency  band 
from  the  receiver  end  displaying  a  bearing  to  that  aicraft;  (4) 
others,  including  ATC ,  CRC/GCI,  HP  radio,  IFF,  Timing  and  visual. 
After  visual  contact  has  been  made,  aircraft  lighting  systems 
provide  illumination  for  night  refueling  operations  and  for  sig¬ 
naling  the  receiver  into  position  during  radio  silence  opera¬ 
tions.  For  normal  daytime  refueling,  voice  communications  are 
used  to  signal  tne  receiver  into  position.  (Ref.  4). 

b.  FUEL  TRANSFER.  The  system  is  to  be  capable  of 
refueling  suitably  equipped  receivers  through  a  standard  USAF 
noom  system  or  drogue  system.  Some  KC-135  aircraft  have 
highspeed  booms  but  these  are  not  addressed  in  this  program. 
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2 .  AIRLAND  DELIVER!.  'i’t ,  n-  aircraft  provides  accommodations 
and  environment  appropr iate  to  the  transport  of  personnel  and 
cargo.  Ground  equipment  may  be  required  for  loading  and 
unload i ng . 

a.  CARGO .  A  cargo  capability  of  up  to  68,000  pounds  is 
required.  Loading  and  unloading  must  be  compatible  with  standard 
cargo  handling  equipment. 

b.  PASSENGER .  A  capability  is  required  for  accommodating 
aO  passengers.  This  capacity  is  to  be  reduced  to  41  personnel 
when  equipped  with  an  arctic  kit. 

B.  SPECIAL  NEEDS  AND  CONSTRAINTS.  The  mission  is  global  in 
scope.  It  must  be  accomplished  day  or  night  in  a  hostile  envi¬ 
ronment  and  under  adverse  weather  conditions.  The  vehicle  per¬ 
forming  the  mission  must  be  operationally  compatible  with  commer¬ 
cial/civil  navigation  and  traffic  control  systems  and  able  to 
function  from  military  sites. 

1.  ENVIRONMENTAL .  Normal  mission  operations  are  to  be  con¬ 
ducted  day  or  night  in  any  weather  (clear  of  thunderstorms  and 
moderate  turbulence)  of  greater  than  one  mile  visibility  for  the 
refueling  function  and  greater  than  200  foot  ceiling  and  1/2  mile 
visibility  for  landing.  Weather  conditions  of  rain,  fog,  snow  or 
light  icing  should  not  impair  mission  capability.  Threat  con¬ 
ditions  have  been  projected  by  SAC,  for  normal  and  Emergency  War 
Order  (EWO)  missions.  They  are  not  defined  in  this  document  and 
do  not  impact  the  crew  system  criteria.  (Ref.  4) 


2.  OPERATIONAL .  The  system  must  be  capable  of  limited 
operation  into  austere  fields  without  external  electronic 
guidance  in  weather  of  400/1  (visibility  of  400  feet  vertically 
and  1  mile  hor izontally)  or  better.  It  must  be  capable  of  inter¬ 
facing  with  civil  air  traffic  control  systems  and  of  operating 
with  state-of-the-art  electronic  ana  visual  guidance  equipment  at. 
civilian  and  military  air  fields.  The  system  must  provide  the 
capability  to  operate  within  both  foreign  and  domestic  airway 
structures  and  terminal  areas  as  well  as  the  capability  to  navi¬ 
gate  precisely  over  direct  routes  —  land  and  sea.  It  must  be 
capable  of  operating  globally  under  wartime  conditions  without 
dependence  upon  ground-based  navigation  aids. 

The  system  must  operate  globally  within  Federal  Air  Regulation 
(FAR)  (Ref.  5)  and  International  Congress  of  Airline  Operators 
(ICAO)  tolerances.  (Capabilities  meeting  these  tolerances  will 
also  meet  the  enroute  navigation  mission  requirements.)  The 
aircraft  must  interface  with  other  cl...  -'S  of  military/civilian 

aircraft  within  the  various  air  traff  :ontrol  systems. 
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The  aircraft  systems  must  have  capability  to  display  the  relative 
location  of:  severe  weather  areas  so  that  they  may  be  avoided, 
other  aircraft  in  the  formation,  receiver  aircraft  for  purposes 
of  refueling  rendezvous'  and  ground  surface  returns  for  airborne 
radar  approaches  and  airborne  alignment/update  of  the  inertial 
navigation  system. 

3.  COMMUNICATION .  The  system  must  have  the  capability  to 
maintain  two-way  communications  with  other  aircraft  and  control¬ 
ling  agencies.  To  accomplish  the  mission,  commun ica t ions  must  be 
maintained  with  the  mission  control  element,  receiver  aircraft, 
other  aircraft  in  the  formation,  air  traffic  control  worldwide, 
command  post,  search  and  rescue  and  between  crew  members  within 
the  tanker. 

4.  GROUND  SUPPORT.  This  aircraft  is  to  be  capable  of  inter¬ 
face  and  operation  with  currently  available  aircraft  servicing 
equipment,  material  handling  equipment,  and  standard  navigation 
and  traffic  control  equipment.  No  special  ground  handling  equip¬ 
ment  is  to  be  required. 

C.  VEHICLE .  The  KC-135A,  manufactured  by  the  Boeing  Airplane 
Company,  is  a  four  engine,  swept  wing,  long  range,  high  altitude, 
high  speed  aircraft  with  a  primary  mission  of  global  air  refuel¬ 
ing  of  designated  aircraft  (Ref.  4).  The  KC-135A  may  also  be 
used  in  a  secondary  role  as  a  cargo  carrier  or  troop  transport. 

1.  PERFORMANCE.  The  following  performance/payload  descrip¬ 
tions  are  to  provide  limits  for  design  criteria  as  they  affect 
the  aircrew  station  and  aircrew  workload. 

a.  SPEED .  The  aircraft  possesses  a  speed  range  combat i- 
ble  with  the  requirements  of  all  current  fixed  wing  receivers. 

The  effective  refueling  speed  range  to  be  considered  is  from  252 
KCAS  (C-5A)  to  the  boom  speed  limitations  of  330  knots  calibrated 
airspeed  or  Mach  0.85,  whichever  is  lower. 

b.  ALTITUDE .  The  aircraft  is  capable  of  providing  air 
refueling  to  current  receivers  at  low,  intermediate  and  high  alti¬ 
tudes.  Cruise  altitude  capability  is  compatible  with  receivers 

on  "buddy"  cruise  missions.  The  range  of  operating  altitudes 
extends  from  ground  level  to  approximately  50,000  feet  (absolute 
ceiling) . 

c.  RANGE .  The  aircraft  is  capable  of  global  ranges, 
meeting  requirements  dictated  by  operational  considerations  and 
receiver  capabilities/missions.  It  is  capable  of  using  all  fuel 
carried  onboard  to  meet  severe  range  requirements  (12,000  +  n.m 
range)  . 


d.  LANDING .  Routine,  safe  operations  onto  hard  surfaced 
runways  of  10,000  feet  or  longer  is  required.  The  aircraft  must 
be  capable  of  receiving  electronic  information  from  sources  on  an 
airport  with  state-of-the-art  equipment,  to  include  VHF  and  UHF 
voice  communications,  ADF ,  TACAN,  VOR  and  ILS  navigation  signals. 
Additionally,  as  airport  systems  are  upgraded  other  sources  such 
as  MLS  and  TALAR  may  be  operationally  required  and  must  be 
included  as  a  condition  to  be  met  in  the  design. 


e.  PAY LOAD .  The  aircraft,  in  addition  to  its  primary 
mission  of  air  refueling,  possesses  a  limited  cargo  and  passenger 
carrying  capability. 

(1)  FUEL .  The  aircraft  is  capable  of  transporting 
and  off-loading  inflight  all  except  7,800  pounds  of  onboard  fuel 
(180,000  pounds  total  or  with  upper  deck  tank  203,000  pounds)  in 
order  to  meet  current  mission  requirements  dictated  by  antici¬ 
pated  mixes  of  tankers,  receivers,  and  missions. 

(2)  CARGO.  Fuselage  weight  and  space  capabilities 
not  dedicated  to  the  air  refueling  mission  are  available  and 
equipped  to  transport  cargo.  Up  to  68,000  pounds  of  cargo  may  be 
carried  on  cargo  carrying  missions. 


(3)  PASSENGERS .  The  carrying  of  passengers  is 
possible  because  the  cargo  compartment  is  pressurized,  air- 
conditioned,  and  has  provisions  for  seating  80  persons  on  per¬ 
manently  installed,  collapsible,  side-facing  seats  or  60 
removable,  aft-facing,  airline  seats.  This  capacity  is  reduced 
to  41  persons  for  aircraft  equipped  with  an  arctic  kit. 

2.  ENGINE  POWER.  Loss  of  an  engine  during  critical  phases 
of  flight,  particularly  during  terminal  area  operations,  will  not 
prevent  either  pilot  from  executing  a  safe  recovery  or  go-around. 
The  engines  must  have  a  "quick  start"  capability  which  allows 
them  all  to  be  started  simultaneously  should  the  mission  dictate. 

a.  THRUST  (ENGINE).  A  variety  of  functions  are  neces¬ 
sary  and  used  in  the  control  of  thrust  from  either  pilot  seat. 

The  KC-135  is  equipped  with  four  Pratt  and  Whitney  J57-59W  or 
-43WB  flat  rated  thrust,  dual  axial  flow  turbojet  engines  which 
also  provide  rperation  of  hydraulic  and  electrical  power  genera 
tion,  air  conditioning,  and  pressurization. 

b.  ENGINE  STARTING  SYSTEM.  The  engines  are  equipped 
with  cartridge  pneumatic  starters,  allowing  either  cartridge 
starts  for  quick  reaction  or  pneumatic  starts  from  ground  power 
carts  or  from  an  operating  engine. 

c.  ENGINE  OIL  SYSTEM.  Each  engine  is  provided  with  an 
integral  pressure-type  oil  system  with  automatic  temperature 
control . 


d.  ENGINE  FUEL  CONTROL  SYSTEM.  Throttle  control  causes 
the  four  individual  hydromechanical  fuel  control  units  to  meter 
proper  fuel  quantity  for  start,  stop,  and  a  variety  of  thrust 
settings . 

e.  ENGINE  FIRE  DETECTOR  AND  CONTROL  SYSTEM.  This  system 
provides  the  engine  overheat  warning  for  each  engine  and  provides 
engine  systems  isolation  as  well  as  the  capability  to  extinguish 
the  fire. 

f.  WATER  INJECTION  SYSTEM.  A  water  injection  system 
provides  thrust  augmentation  by  allowing  water  to  be  sprayed  into 
the  air  inlet  and  diffuser  section  of  each  engine. 

g.  ENGINE  IGNITION  SYSTEM.  The  engine  ignition  system 
provides  ignition  for  both  ground  and  flight  starts. 

3 .  AUXILIARY  POWER. 

a.  ELECTRICAL.  Primary  electrical  requirements  are  for 
115/200  volt,  400  cycle  power.  To  a  lesser  degree  there  is  a 
need  for  28  volts  and  32  volts  as  well  as  24  volts  DC.  The  sys¬ 
tem  should  oe  relatively  independent,  imposing  little  need  for 
crew  work,  nowever,  individual  systems  control  and  monitoring  is 
required.  Circuit  breaker  protection  is  necessary  to  isolate 
equipment  faults.  A  redundant  and  isolated  electrical  power 
supply  system  is  required  tor  flight  essential  functions.  The 
AiResearch  or  Solar  APU  presently  provide  this  redundant 
capabi 1 i ty . 

b.  CABIN  HEAT.  An  independent  source  of  cabin  heat  is 
required  tor  artic  operation.  The  AiResearch  or  Solar  APU  pre¬ 
sently  provide  this  capability. 

c.  HYDRAULIC .  There  are  two  independent  high  pressure 
systems  which  supply  pressure  to  the  various  hydraulically 
operated  components. 

4.  AVIONICS.  The  avionics  package  must  provide  for  routine, 
day,  night,  safe,  glooal  IER/IMC  operation  including:  long  range 
over-water  deployment  without  use  of  external  navigation  aids; 
approach  down  to  Category  II  li.S  minimums;  with  external  naviga¬ 
tion  aids,  non-precis  ion  minimums  without  external  nav  aids; 
weather  avoidance;  air  refueling  rendezvous  both  active  and 
passive,  station  Keeping;  ground  locations;  receiver  craft  loca¬ 
tions  and  identification;  short  and  long  range  voice  communica¬ 
tions  systems  to  satisfy  all  mission  requirements  internal  and 
external  to  the  aircraft;  autopilot  and  augmented  flight  control 
system  with  integrated  navigation  course  guidance. 


5.  ENVIRONMENT .  The  pressurization,  air  conditioning,  oxy¬ 
gen  and  lighting  must  be  suitable  for  transporting  passengers  ana 
operational  equipment  during  employment  and  deployment  missions 
in  a  wide  range  of  environmental  conditions,  where  temperatures 
range  from  -40*  to  130'F.  An  oxygen  system  with  sweep  on  oxygen 
masks  is  required  adjacent  to  each  aircrew  seat  in  the  cockpit, 
for  each  position  in  the  boom  pod  and  for  two  positions  in  the 
cabin.  Additionally,  provisions  are  necessary  to  provide  emer¬ 
gency  descent  oxygen  for  the  maximum  number  of  personnel  on 
board.  The  aircraft  must  be  sound-proofed  to  the  degree  that 
operating  noise  and  vibration  are  not  detrimental  to  the  crew's 
performances.  The  aircraft  must  have  internal  and  external 
lighting  suitable  for  all  mission  operations  in  all  ambient 
light  conditions. 

6.  SAFETY.  A  wide  range  of  safety  features  must  be  incor¬ 
porated,  including:  rapid  ground  and  air  egress,  crash  landing 
protection,  detecting  and  warning  of  systems  malfunctions,  auto¬ 
matic  switching  to  alternate  systems,  simplified  critical  action 
crew  response  and  unrestricted  crew  visibility  during  all 
maneuvers . 

D.  MISSION  SCENARIOS.  Requirements  for  the  overall  weapon  sys¬ 
tem  and  integral  individual  components  which  comprise  it,  have 
been  derived  by  examining  the  operational  employment  of  the 
system  and  validated  through  extensive  review  by  the  SAC. 

When  a  number  of  employment  concepts  and  operational  uses  are 
involved,  the  weapon  system's  requirements  for  each  must  be  con¬ 
sidered.  The  design  of  the  weapons  system  must  then  take  into 
account  the  total  requirements.  Very  detailed  mission  scenarios 
were  developed  to  describe  the  current  and  anticipated  employment 
of  the  KC-135.  They  were  developed  against  a  time  base  (Ref.  5) 
to  consider  the  dynamics  evoked  by  mission  performance.  These 
were  then  validated  by  all  knowledgeable  agencies  involved  in  the 
KC-135  Avionics  Modernization  Program  including,  Hq  SAC,  ASD,  and 
AFWAh . 


A  composite  mission  scenario  which  included  all  significant  mis¬ 
sion  tasks  and  which  was  realistic  in  terms  of  geographic  and 
environmental  aspects  was  defined  as  a  bench  mark  for  design, 
evaluation  and  assessment  of  crew  systems.  This  Design  Mission, 
portrayed  in  Figure  1  involves  moving  a  five  ship  tanker  force 
from  Loring  AFB  to  support  an  A-7  unit  deployment  from  McGuire 
AFB  to  RAF  Wittering.  Subsequently,  (Figure  3)  the  KC-135 
embarks  upon  an  EWO  task  in  a  two  ship  cell  of  KC-135's  wherein 
the  lead  KC-135  experiences  an  emergency  abort  for  fire  and  the 
subject  aircraft  encounters  a  refueling  track  weather  diversion 
and  minimum  fuel.  Subsequent  failures  cause  degraded  mode  opera¬ 
tion.  In  "leg  3"  (Figure  4)  refueling  of  fighters  is  complicated 
by  different  type  emergencies  including  combat  injuries. 

This  scenario  exercises  all  subsystems  and  crew  in  the  severest 
performance  demands  and  exhibits  various  aspects  of  degraded  mode 
performance.  A  detailed  description  is  presented  in  Appendix  A. 
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?he  Global 


inability  through  the  use  of  a  net 
.»>.•<? u racy  -'f  10-20  meters.  When 
vc  ±  v  not  in o o l  sox  r  —  coot. a  i  nob 
(wartime/  criteria,  riiay  well  or. -vide  the  capability  presently 
afforded  by  TACAN ,  hF/AbF,  VrIF  and  Omega.  It  is  anticipated  tnaf 
this  vehicle  wifi  he  operating  within  the  time  frame  of  an  opera¬ 
tional  GPS.  Provision  must:  be  made  for  this  capability. 

(  4  )  'r/.CAS  .  A  standard  t  ef  or  once  for  bearing  and 
distance  to  airfields,  ,:i  mne  rased  navigation  aids,  and  ot  ru  r 
reference  pos l ti on. 
b  i  1  i  ty  is  necec.s  a  r  , 


.-3  ..rev.  I’M  ■  y  i’ACAN .  A  TACAN  system  eaps- 
fo.i  op-c  it  ion  bo  t  n  oft -airways  and  within  the 


civi  lian  airway  system.  The  TACAN  should  nave  staroarc  features 
and  include  fact  lock-on  capability  for  bearing  anti  Distance 
Measuring  Equipment  (DME)  for  noth  air-to-ground  and  air-to-air 
operations.  The  air-to-ground  mode  must  be  compatible  with  radio 
aids  to  navigation,  and  the  air-to-air  mode  must  be  compatible 
with  the  equipment  of  the  USAF  receiver  aircraft.  It  must  be 
capable  of  providing  relative  position  information  with  respect 
to  the  navigation  aids  to  the  inertial  navigation  system  for  up¬ 
dating  to  improve  accuracy.  A  DME  extender  to  selectively  provide 
reception  up  to  400  nautical  miles  is  highly  desirable. 

(5)  VOR.  Federal  airways  are  made  up  of  a  series  of 
VOR  stations  which  operate  on  the  VHF  band  using  even  frequencies 
108.0  to  112.0  and  all  frequencies  112.0  to  117.95  mHz  (select¬ 
able  to  .05MHz) .  In  order  to  fly  on  those  airways,  VHF  naviga¬ 
tion  (VOR)  capability  is  needed.  The  VHF  navigation  units  should 
have  standard  features  for  operation  to  provide  relative  position 
information  with  respect  to  VOR  navigation  aids  to  the  pilots  and 
to  the  inertial  navigation  system  for  updating.  The  frequency 
tuning  control  must  also  tune  ILS  localizer  (VHF)  and  ILS  glide 
slope  (UHF)  frequencies,  which  are  paired.  Additionally,  it  is 
highly  desirable  to  have  the  capability  to  receive  VHF  trans¬ 
missions  throughout  the  VHF  voice  frequency  range  for  VHF 
communication  redundancy. 

(6)  ITHF/DF.  The  UHF  direction  finder  should  provide 
bearing  information  to  any  selected  UHF  transmitter  within  the 
UHF  voice  communications  frequency  range.  It  must  be  compatiole 
with  ground  stations  for  navigation  and  other  aircraft  for  rela¬ 
tive  positioning/rendezvous. 

( 7 )  LF/ADF .  In  order  to  utilize  navigation  infor¬ 
mation  from  navigational  aids  while  operatina  in  foreign  coun¬ 
tries  and  in  order  to  receive  standard  ILS  compass  locator  sig¬ 
nals  throughout  the  United  States,  the  aircraft  must  have  the 
capability  to  receive  and  display  a  bearing  to  low  frequency 
transmitters.  The  low  frequency  automatic  direction  finder 
should  have  standard  features  to  provide  bearing  information  to 
low  frequency  transmitters  operating  throughout  the  190  to  1750 
MHz  range.  The  control  must  be  digitally  tuneable. 

(8 i  INTEGRATION  AND  FILTERING.  The  navigation 
system  should  be  designed  to  provide  the  pilots  with  the  most 
accurate  information  available  from  all  onboard  systems.  Sensor 
information  should  be  processed  within  the  computer  to  automati¬ 
cally  provide  that  information,  however,  the  pilot  must  have  the 
capability  to  obtain  information  from  individual  sensors  when 
desired. 

c.  COMMUNICATIONS .  The  commun icat ion  systems  must  pro¬ 
vide  the  capability  to  communicate  with  all  agencies  within  the 
command  and  control  system  and  the  operational  environment  as 
described  in  the  design  mission  scenario.  This  necessitates  an 


inti  aplane  system;  a  t  em  for  long  r.iruje  voice*  eompat  inle*  w;  •  !, 
command  posts  and  overseas  airway  stations;  a  short  range  voice 
system  compatible  with  air  trat  i  n;  controller.,,  airborne  command 
ports,  receiver  aircraft  tnd  i n t r af or mat  ion  aircraft ;  and  other 
special  features. 

(1)  INTRAPLANE.  The  aircraft  must  have  the  capabi¬ 
lity  for  two-way  communication  between  crew  members  located  in 
the  cockpit,  cabin  and  boom  pod,  without  broadcasting  outside  the 
aireiuit  except  during  engine  star  ring  operations.  It  is  highly 
desirable  that  this  intraplane  capability  be  extended  to  include 
non-broadcast  commun 1 ca t ion  with  receiver  aircraft  while  they  are 
in  physical  contact  with  the  tanker.  The  public  address  system 
must  be  capable  ot  providing  audible  information  to  passengers 
during  operation  at  maximum  cabin  noise  levels. 

(2)  LONG  RANGE.  The  long  range  communications  must 
he  an  interference  free  voice  system.  The  system  must  operate  on 
the  high  frequency  (HF)  band  between  2.000  and  29.99  MHz  to  be 
compatible  with  overseas  air  route  traffic  controllers.  The 
aircraft  must  have  worldwide  capability  to  receive  voice  messages 
transmitted  by  miss -on  control.  The  transmissions  may  be  direct 
or  reiay-d  via  aircraft  -,r  satellite  communications  systems. 
During  peacetime  operations,  two-way  communication  with  mission 
control  is  required.  The  system  must  be  adaptive  to  secure  voice 
and  jam  resistant  techniques. 

(1)  SHORT  RANGE.  The  short  range  communication 
capability  must  be  osponsive  to  DOD,  FAA ,  ICAO  and  mission 
environments ,  The  aireruf-  must  have  the  capability  for  two-way 
communications  with  air  traffic  controllers  throughout  the  world. 
Air  tie  Id  ground  control,  tower,  approach  control,  departure  con¬ 
trol  and  enroute  control  have  UHF  (229.0-399.0  MHz)  and/or  VHF 
(118.0-135.9  MHz)  frequency  capability.  Identification  beacons 
<  r  FF/S i F )  for  use  with  air  traffic  control  agencies  and  military 
nadir  controllers  must  be  i ast  1 1  led .  The  aircraft  must  have  cwo- 
w a/  communications  capability  with  otuer  aircraft  within  the  cell 
formation  and  all  receivers  including  HSAF,  USN,  USMC  and  NATO 
-j  i  r ■  •  i  at  r.  within  a  tange  of'  200N.M.  Aircraft  typically  have 
receive  and  transmit:  capability  on  the  UHF  and/or  VHF  frequency 
bands .  Secure  voice  capability  must  be  provided  on  the  UHF  fre¬ 
quency  band. 

Console  and  equipment  : acx  space  and  wiring  provisions  should  be 
planned  for  future  modern! nation  to  include  such  systems  as  the 
Defense*  Satellite  Communications  System  (DSCS)  and  tne  Joint 
Tact  ical  Information  Distribution  System  (JT1DS) . 

d.  MISSION  EQUIPMENT,  The  wide  variety  of  mission  tasks 
doner  ibed  in  the  mission  scenario  dictate  some  specific  crew 
stations  configurations  and  special  equipment. 


(1)  AIR  REFUELING.  An  air  refueling  system  which 
provides  for  aerial  rendezvous,  and  in-flight  boom/drogue  refuel¬ 
ing  operations  must  include  a  radar  rendezvous  beacon  system  com¬ 
patible  with  the  USAF  receiver.  The  capability  to  display  the 
relative  position  of  the  tanker  to  the  receiver  and  the  position 
of  the  aircraft  relative  to  the  flight  plan  course  on  the  same- 
display  is  extremely  desirable,  e.g.,  overlay  a  flight  plan  map 
with  rendezvous  beacon  signal.  Workload  and  degree  of  attention 
dictates  a  crew  position  and  operator  for  this  function. 

(2)  STATION  KEEPING.  Multi-aircraft  deployment  to 
air  refueling  areas  or  aircraft  dispersal  locations  require  guid¬ 
ance  and  separation  data  for  all  weather,  day/night,  and  in-trail 
formation  flights.  This  is  presently  accomplished  by  displaying 
a  radar  beacon  return  or  an  aircraft  skin-paint  return  on  the 
radar  display.  The  capability  to  display  the  position  of  the 
aircraft  relative  to  the  flight  plan  course  on  the  same  display 
is  extremely  desirable,  e.g.,  overlay  a  flight  plan  map  display 
with  the  radar  beacon  signal. 

(3)  THR5AT .  The  type  of  threat  that  may  possibly 
be  encountered  includes  sabotage,  electronic  interference, 
surface-to-air  missile,  fighter  interceptors,  hijackers  and 
electronic  eavesdropping.  The  risk  of  some  threats  may  be 
reduced  through  protective  operational  procedures,  (e.g.,  sabo¬ 
tage,  hijack  and  fighter  interceptors),  however,  the  aircraft 
should  have  the  capability  to  reduce  the  risk  of  others  (Ref.  9). 
A  self  defensive  capability  would  not  be  justifiable  considering 
the  limits  of  speed  and  maneuverability  of  this  vehicle  and  the 
penalties  in  weight,  cost,  complexity  and  reliability  to  be  anti¬ 
cipated  in  a  self  defense  system  for  this  vehicle.  (Ref.  10) 

For  defense  against  enemy  air  action,  reliance  must  be  placed 
upon:  route  planning  to  minimize  threat;  adequate  surveillance; 

secure,  reliable  command  and  control;  navigation;  and  expanded 
fuel  reserves  for  diversion  purposes.  The  navigation  system 
should  have  the  capability  to  operate  independently  and  not  be 
dependent  upon  navigation  aids  whicn  could  be  destroyed  or  jammed 
electronically.  The  navigation  system  must  be  designed  so  that 
it  is  not  susceptible  to  passive  listening  threats;  specifically 
the  capability  to  extract  information  from  signals  generated  by 
onboard  computers  and  transmitted  to  displays  (CRTs).  This  could 
pose  a  problem  in  exposing  classified  information  such  as  desti¬ 
nations,  air  refueling  points,  flight  plans,  etc.  The  aircraft- 
should  have  the  capability  to  detect  and  counter  heat  seeking 
missiles.  The  operation  of  the  equipment  must  be  basically  auto¬ 
matic,  since  its  operation  would  normally  be  required  during 
periods  when  the  pilots'  workload  is  already  at  a  peak. 

B.  VF.HICLE. 

1.  CONTROL .  Control  or  the  vehicle  in  ilignt  is  at  :  or  den  b\- 
the  conventional  control  surfaces  (aileron,  elevator  ar.ri  rudder, 
and  augmented  by  a  spoiler  system.  Hydraulic  actuation  provider 


the  necessary  force  for  moving  tt.e  surfaces.  Considering  prob¬ 
lems  of  crew  workload  and  reduced  crew  si2e  an  automatic  capabil¬ 
ity  is  necessary.  However  reliability  concerns  dictate  the  need 
for  fail  safe  and  a  basic  manual  capability.  Engine  control  de¬ 
mands  are  minimal,  requiring  basically  a  throttle  control  device. 
However,  such  advances  as  coupling  to  the  automatic  system  for 
energy/fuel  management  and  for:  landing  should  be  considered. 

a.  DRAG/ LIFT. 

FLAP  SYSTEM.  A  hydraulic  actuated  wing  flap  system 
is  installed  to  alter  lift/drag  for  takeoff  and  landing. 

SPOILER  AND  SPEED  BRAKE  SYSTEM.  Lateral  control  of 
the  aircraft  is  augmented  with  four  hydraulically  operated 
spoilers.  These  spoilers  also  act  as  speed  brakes  when  used 
symmeti ically . 

b.  STEERING  (NOSKWHEKL) .  A  hydraulically  actuated 
nosewheel  steering  system  is  installed  for  ground  maneuvering. 

c.  BRAKES .  The  aircraft  has  segmented  rotor  brakes, 
which  operate  from  two  interconnected  hydraulic  systems.  They 
are  activated  by  pilot  or  copi lot  toe  pressure  being  applied  to 
the  brake  control. 

2 .  POWER. 

a.  ENGINE  PERFORMANCE  MONITORING  SYSTEM.  Indications  or 
engine  power  and  temperature,  as  well  as  engine  oil  temperature 
md  fuel  flow  are  displayed  continuously  to  provide  the  crew  with 
engine  performance  information  required  to  make  decisions  regard¬ 
ing  engine  operation. 

CAv/EAT  -  Recognition  that  the  aircraft  performance  is  power  lim¬ 
ited  has  resulted  in  a  potential  class  V  modification  to  re-engin 
the  aircraft  under  PMD  revision  R-Q  702 (7) /I 1142F,  1  February 
1979  (Ref.  3).  Criteria  for  the  new  engines  and  the  associated 
systems  are  not  addressed.  The  crew  systems  (e.g.,  throttles, 
performance  monitoring,  and  fire  detection/control)  associated 
with  The  engines  must,  however,  perform  the  same  functions  as  the 
present  systems  and  be  easily  useable/interpretable  by  the  crow. 

b .  FUEL .  The  airplane  fuel  system  consists  of  integral 
wing  tank:,  and  a  combination  bladder  and  integral  center  section 
(body)  tanks  with  the  necessary  manifolds,  valves,  pumps,  and 
pressure  and  quantity  indicators.  Fuel  supply  and  pressure  to 
the  engines  is  provided  automat i cal ly  through  throttle  control 
during  normal  operation. 

The  airplane  can  transfer  fuel  in  flight  to  receiver  airplanes 
from  two  body  tanks.  All  fuel  from  all  tanks,  totalling  180,220 
lbs.  without  or  202,801  lbs.  with  the  upper  dock  tank  installed, 
can  be  used  by  the  aircraft.  All  except  7800  lbs  can  be  trans¬ 
ferred  to  receivers. 


NOTE ;  The  upper  deck  tank  is  not  normally  installed  because  the 
amount  of  thrust  from  the  engines  is  insufficient  to  operate  the 
aircraft  with  more  than  a  180,000  pound  payload  including  fuel. 

3.  LIGHTING .  Global  operation  under  all  weather  conditions 
will  require  exterior  and  interior  lighting  for  all  cond i t ions 
from  bright  sunlight  reflected  off  snow  to  a  dark  moonless  niaht 
over  water.  Operation  in  a  "see  and  avoid"  training  environment 
as  well  as  in  a  "minimum  detection"  combat  support  environment 
imposes  a  need  for  considerable  flexibility  in  the  exterior 
1 ight  ing . 

a.  EXTERIOR .  Standard  navigation  lights,  rotating  bea¬ 
con,  landing  and  taxi  lights,  top  and  bottom  fuselage  strobe 
lights,  ice  detection  lights,  aerial  refueling,  inspection,  and 
servicing  lights  for  wings,  engine  nacelles,  wheel  wells,  exter¬ 
nal  power  receptacles,  fuel  and  oxygen  service  panels,  external 
air  conditioning  receptacles  and  outside  flood  lights  of  exterior 
area  for  night  on-load  and  off-load  operations. 

b .  INTERIOR .  Basically,  standard  interior  lights  are 
required.  Lights  are  required  for  normal  and  emergency  exits 
operative  from  an  emergency  electrical  bus  with  the  battery 
switch  off  and  without  an  external  power  source.  Instruments, 
panels,  controls,  placards  must  he  easily  visible  and  readable 
through  the  operational  conditions. 

C.  LIFE  SUPPORT. 

1 .  ENVIRONMENT. 

a.  PRESSURI ZAT ION .  The  pressurization  system  is  capable 
of  maintaining  any  selected  cabin  altitude  between  minus  100C 
feet  and  10,000  feet  utilizing  a  maximum  pressure  differential  of 
8.6  psi  between  the  cabin  pressure  and  the  ambient  air  pressure. 
The  system  may  be  operated  automatically  or  manually  and  contains 
necessary  controls,  displays  and  warning  devices.  The  aircraft 
automat ically  depressurizes  on  the  ground  and  may  be  depressur¬ 
ized  when  airborne. 

b.  OXYGEN .  Cockpit/cabin  pressurization  reduces  the 
requirement  for  oxygen  to  that  required  for  emergency  use.  Five 
regulators  are  installed  in  the  cocxpit,  two  in  the  cabin  and  two 
in  the  boom  pod.  Additionally,  a  portable  oxygen  bottle  is  loca¬ 
ted  at  each  of  these  positions.  Standard  or  quick-don  oxygen 
masks  must  be  available  for  each  crew  member. 

c.  AIR  CONDITIONING.  The  air  conditioning  system  pro¬ 
vides  cooling,  heating,  ventilation,  humidification  and  contami¬ 
nation  control  for  the  cockpit  and  cabin.  Each  of  these  features 
are  available  on  the  ground  as  well  as  airborne. 


2.  SKATING .  There  are  presently  five  seats  installed  on  the 
flight  deck  which  will  continue  to  be  adequate  in  event  of  a 
change  in  crew  complement.  The  location/mobility  of  the  seats 
must  be  such  that  vision,  reach  and  egress  requirements  are  met. 
The  cabin  area  contains  80  collapsible  seats  and  has  provisions 
for  up  to  60  airline  type  passenger  seats.  The  boom  pod  contains 

3  couches  or  pallets. 

3.  ENTRY/ EXIT.  Normal  and  emergency  ground  and  inflight 
exits  consist  of  the  main  crew  entrance,  the  cargo  door,  3  emer¬ 
gency  exit  hatches  and  2  cockpit  windows. 

4 .  SANITATION . 

RELIEF  FACILITIES.  An  enclosed  latrine  facility  with 
toilet,  urinal,  towel  dispenser,  mirror,  wet-napkin  dispenser  and 
laboratory  with  water  supply  is  located  between  the  cockpit  and 
the  cabin. 

5 .  FOOD/BEVERAGE. 

FOOD  AND  BEVERAGE  FACILITIES.  A  galley  unit  with  elec¬ 
tric  oven,  2  hot  cups,  one  two  gallon  hot  beverage  container  and 

4  additional  two  gallon  beverage  containers  is  located  in  the 
forward  portion  of  the  cabin. 

6.  REST.  Crew  duty  days  may  be  extended  beyond  16  hours 
when  additional  crew  member.,  and  crew  rest  facilities  are  on 
board.  Eight  fold-down  bunks  are  attached  to  the  sides  of  the 
cabin  and  provide  a  place  for  sleeping. 

D.  CREW. 

The  accomplishment  of  the  mission  is  the  responsibility  of 
the  crew.  The  crew  must  be  considered  as  an  element  of  the 
system  since  their  pc  : onnar.ee  and  capacity  can  significantly 
affect  total  system  performance.  Considering  the  capabilities  of 
the  crew  and  of  t.ho  various  equipments  with  which  they  do  (or 
should)  interface  is  a  v,  stem  design  problem.  (Consideration  of 
the  collective  functioning  of  many  interfacing  elements  and 
adjusting  elements  so  as  to  influence  the  collective  performance 
is  system  design.)  Consideration  of  the  crew  and  their  interface 
with  tne  elements  of  the  system  in  the  environment  of  the  mission 
is.  tne  Crew  System  problem.  In  any  system  design,  performance 
character  i  st  ior  of  an  element,  must  be  known  and  considered.  In 
the  case  of  the  crew,  behavior  and  training  are  significant  in 
establishing  performance  characteristics.  (For  this  design 
assume  that,  standard  training  and  selection  procedures  are 
emp  loyed . ) 

While-  there  are-  explicit  and  unique  condition:  which  should  he 
imposed  as  requ i remen ts  on  each  subsystem  from  the  Crew  System 
design  process  (Ref.  !’),  there  are  overall  r equ 1 rements  to  which 
the  ’r,.w  System  mast  he  responsive. 


These  are  derived  from  the  general  Weapon  System  Requirements 
just  as  has  been  done  for  the  more  conventional  "subsystems". 
These  are  "implied  requirements"  and  include  such  things  as  sur¬ 
vive,  perform  reliably,  deliver  accurately,  improvise  or  compen¬ 
sate.  Considering  the  mission  requirements  and  the  role  of  the 
crew  system,  there  are  classes  of  implied  requirements.  They 
fall  within  two  categories:  mission  and  workspace. 

1.  MISSION.  The  crew  must  continually  monitor  the  status 
against  the  plan  of  the  system  including  its  own  health  and  con¬ 
tinually  assess  probability  of  success,  be  prepared  for  and 
responsive  to  perturbations  (change  of  target,  loss  of  light, 
unexpected  enemy  action,  failure  of  equipment,  etc.).  Direct 
manual  control  must  be  blended  with  automation  to  maximize  mis¬ 
sion  success  and  survival  while  retaining  flexibility  to  deal 
with  changes  and  failures.  Executive  responsibility  must  be 
established  over  the  total  system  in  an  organized  fashion.  In 
this  design,  this  responsibility  is  divided  into  the  major  areas 
of  NAVIGATION,  FLIGHT  CONTROL,  COMMUNICATION ,  and  SYSTEMS  STATUS. 

a.  NAVIGATION .  In  order  for  the  crew  to  efficiently 
and  effectively  use  the  navigation  information  provided  by  the 
individual  sensors,  a  navigation  management  system  is  necessary 
which  incorporates  computers,  fast  access  bulk  storage  memory, 
an  information  filtering  system  and  a  control/display  unit  to 
interface  the  pilot  with  the  navigation  system.  Generally,  the 
navigation  management  system  must  provide  precise  navigation 
information  worldwide,  with  and  without  external  navigation 
aids.  Additionally,  it  must  provide  the  capability  for  airway 
navigation,  nonprecision  approaches  and  precision  approaches. 

An  acceptable  way  of  providing  the  aforementioned  capability  is  a 
system  consisting  of  an  inertial  navigation  system  (INS)  which 
can  be  updated  by  all  installed  navigation  sensors.  ( VHF  NAV, 
TACAN,  LF/ADF,  GPS,  OMEGA).  The  system  should  have  the  capabil¬ 
ity  to  automatically  or  manually  tune  the  sensors  to  appropriate 
Nav  aid  station  frequencies  as  the  flight  progresses.  Unreason¬ 
able  or  erroneous  information  should  be  automatically  filtered 
out  and  only  the  most  accurate  information  used  for  updating. 
Navigation  information  should  be  available  directly  from  any 
individual  sensor,  when  the  pilot  desires. 

b.  FLIGHT  CONTROL.  The  inflight  refueling  flying  task 
is  particularly  sensitive  to  flight  control.  A  high  degree  of 
precision  and  reliability  is  essential.  A  "Force  Wheel"  mode, 
which  provides  a  basic  automatic  capability  subject  to  direct 
incremental  adjustments  by  the  pilot,  is  highly  desirable. 

c.  COMMUNICATION.  Communication  requirements  are  com¬ 
plex.  Features  include  capabilities  to  talk  inside  aircraft 
only,  broadcast  with  or  without  other  crew  members  listening, 
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VISION. 


b . 


(1)  EXTERNAL  VISION.  External  v  sion  is  required 
on  the  ground  tor  taxi,  takeoff  and  landing.  L'ring  flight 
external  vision  is  necessary  for  avoiding  midair  collision,  for¬ 
mation  flying,  mission  effectiveness  and  general  orientation. 
Windows,  compatible  with  this  needs,  must  be  provided  to  give  the 
appropriate  visibility  forward,  over  the  nose,  over  the  side  and 
upward.  External  vision  must  be  enhanced  by  exterior  lighting  at 
night  for  landing,  taxi  and  inspection  of  sufaces  and  engines. 

(2)  INTERNAL  VISION.  Placards,  instruments,  con¬ 
trols,  maps,  charts,  and  briefing  instructions  must  all  be  read¬ 
able  under  all  lighting  conditions  expected.  Control  of  impact¬ 
ing  high  level  light  and  supplementary  lighting  for  low  level 
ambient  conditions  is  required.  Control  must  provide  for  varia¬ 
tions  in  environment  and  mission  requirements  (e.g.,  protect  night 
vision,  flash  blindness).  Displays  must  be  positioned  in  accor¬ 
dance  with  workload  and  priorities  of  action.  Particular  atten¬ 
tion  is  required  to  insure  that  switches  and  knobs  are  visible  in 
dim  light. 

c.  GEOMETRY .  Flight  deck  crew  members  must  be  posi¬ 
tioned  so  that  each  is  visible  by  all  others.  Exit/Entry  provi¬ 
sions  must  take  into  account  the  likelihood  of  crew  movement/ 
interchange  in  flight  and  the  avoidance  of  inadvertent  actuation 
of  switches,  knobs,  and  controls. 


S' 


i’ne  ci  ew  is  the  el' tec  tor  of  *  to  r.  i  - .  i  or.  ,.nd  the  weapon  system 
is  tne  means  (the  dev  i  c<.  win;:..  . ur->d  ;v,  t  horn  in  effecting  the 
mission.  This  orientation  i  :  .  <oy  I'.S.  Air  Force  philosophy  in 

advancing  warfar  e  system  .opj;  :!  i*y. 

The  crew  is  the  nucleus  *•;.  •  --h  welds  vehicle,  avionics,  arma- 
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cc-cKpi  •  and  other  crew  si  a*;  r  .re  prominent  hardware  aspects 

:,u:  are  not  the  '  d  a',  ity  y  t  h>  ..yr.tem.  The  crew  members  are 
e  lerr.ents  and  ,  .  aw  ar  n  ■  .  ■  of  techmloqy  is  important  to 

..ji  aware  :  ;  ,  •.<.  :  .  ■>  aw.tr.-r-*  oi  human  behavior  and 

training  » nt;>or  tot*.  *'  o  so  ’  jr  j  or.  ”  living  r ‘v  crew. 

Ti..  crow  t.  pi  ov  i  cie  :  he  :  .ogmerP  al  aspects,  of  the  mission 

;  continue,  direct,  f  y  ,  or  ‘  .  hf  feet  i  vo  y:  dements  require 

adequate  i  r.  f "  r  mu  t  i  or;  .  n  .or:  •ning...  c-  n  ion i f  i  canoe  of  the  rn.is- 
i  on  (o  anm  o  h  ,  p:  or  or  nucc-'-s  a  variable,  dependent 

not  only  on  t  he  for'  >:  r  r  ; « >  nine  upon  reliability  of 

equipment),  prooubi I ity  :>  ir v i va 1  < a  variable,  also  dependent 

.iOi.n  •,  qu  i :  men t )  ,  ur  b  :  r.  I  y  .  *  rotting  •  ••  the  ct  ew.  The  crew 

r:  ..sr  r.e  aw  at  e  •  o  •  r.c  1  •  s  !•'•.. ,  •  in-  favors  affecting  per  forma  nee 

(we  at  c  ,  t  h  r  a  :  <>t  c  u  o-,  ^cuiptrent.  staMfi,  battle 
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1  cm  .  i.v.n,  1  r  ;  ng  ,.n  1  1  n t  < > r  f  a  v<?  as  a  system,  *  he 

>rgan  i  /.»■»•  •  m  .1  dcuc;  ipt  i  or.  of  the  crew  syst  em. 

--  ’ uAkA. "i'KF  ,  ST  !  uS  ■  '(■'  ",.e  t  r  y  -  -  INPUT 

-cr  1  :  r  ern«.  :  -  >’  "  ■  < H<*qu  1  r  •’mcr.t  s  .  . 

".noM.-.’i’l.V  .  '.’he  1  1,0.0  s-.u  ■>;  ucrpi'  :  r.  the  ;rmb  .  it  of  t  ice 

w:.*-r  e  man,  ma.:h  i  n*'-  :  ;■  < :  •  1  n  :  <*r  t  ace  a  no  wnei  o  .i«>c  i .  ions,  are 

, r ,  1 1  1 .  i  1  -  -.  .  . ;  •  - 1  ■ . .  .  •  dec,,  ion.  ana  1  r.“  res  .1 1  *  ant.  mirf";;:, 

tail  .  r  >•  of  '  iv  in:  .  i .  n  a:  <•  .1 ;  root  iy  related  to  how  we  1  i  the 
;  ;  1  a;.  *  deck  i  •••;  u°s  i  un.-d  to  *  ;)f  :  ;. ;  the  requi  O'lr^nts  of  *•  he  pilot  . 
Tile  p  1  1  ct.-;  '  requirements  vj;  ,  greatly  with  rile  type,  length  and 
.  r  gency  01  the  miu.son,  crew  size  and  complement  ,  and  outside 


•  at  i  nij  unvironraent  (geographic  location,  temperature,  time  ot 
■jay,  threat,  external  aide,  weather,  etc.).  for  these  reasons, 
numan  1  actors  considerations  play  an  extremely  important  role  in 
hif  cockpit  design  process. 

T.-.e  Might  deck  design  criteria  gives  primary  consideration 
toward  placing  the  crew  members  in  an  environment  where  they  can 
e i l ic ient ly  ,  effectively,  safely  and  comfortably  perform  their 
duties.  The  design  criteria  contained  in  this  document  were 
predicated  upon  a  minimum  crew  complement  of  three,  consisting 
of  a  flight  deck  crew  complement  of  two  pilots,  along  with  a  boom 
operator  whose  primary  functions  are  in  the  boom  pod.  Other  crew 
members,  while  they  may  occupy  a  position  on  the  flight  deck, 
will  not  be  checklist  respondents  or  part  of  the  mimimum  crew. 

The  crew  systems  requirements  are  for  systems,  avionics  and 
control/display  units  necessary  for  two  pilots  and  one  boom 
operator  to  accomplish  the  mission  described  in  Section  II. 

The  crew  stations  must  be  constructed  and  equipped  so  that  the 
aircrews  get  the  proper  amount  of  information  at  the  right  time 
so  as  to  permit  them  to  make  necessary  decisions  and  perform  the 
operational  mission;  the  necessary  information  is  presented  ade¬ 
quately  (i.e.,  easily  interpreted,  readily  available);  the  acces¬ 
sibility  of  the  information  and  controls  are  propor t ionate  to  the 
frequency  and  criticality  of  use;  and  the  crew  station  environ¬ 
ment  is  physically  and  psychologically  aiding  rather  than 
reducing  the  crews'  efficiency. 

1.  FLIGHT  DECK.  The  forward  portion  of  the  cockpit  (Ref. 
12),  located  in  the  top  front  part  of  the  aircraft,  is  large 
enough  to  accommodate  two  pilots  seated  side-by-side.  Its  de¬ 
sign  must  allow  all  flight  maneuvers  to  be  performed  by  the  pi¬ 
lot  in  either  seat;  however,  wherever  any  compromise  is  required, 
it  is  more  favorable  10  control  the  aircraft  from  the  left  seat. 
All  critical  .terns  must  be  located  within  reach  of  both  pilots, 
wnile  less  critical  items  may  be  located  within  reach  of  only  one 
pilot.  (See  Figures  6  and  7  for  description  of  reach  zones.) 
rhe  cockpit  also  accommodates  a  third  seat  located  so  so  that  the 
occupant  has  an  unrestricted  view  of  the  front  instrument  panels, 
overhead  ana  center  consoles  and  outside  the  aircraft  through  the 
entire  width  of  the  windshields.  The  location  of  this  seat  must 
ne  adjustable  so  that  rhe  occupant  can  move  it  to  a  position 
wnore  he  can  easily  reach  controls  and  displays  on  the  present 
navigator's  station  (now  designated  as  the  forward  boom  opera¬ 
tor':;  station).  The  flight  deck  should  contain  an  additional 
reclinanle  seat  for  an  observer  or  additional  crew  member. 

Figure  5  presents  the  general  layout  for  the  pi  lot /cop i 1 ot 
.sort  ion  of  the  Flight  Deck. 

.  VISIBILITY .  Th  i  r:  aircraft  will  be  operating  in  close 
proximity  to  other  tankers ,  receivers,  and  a  multitude  of  other 
aircraft  particularly  in  airport  terminal  areas.  There! ore , 


? 


•nocxpi  t  v  L  s  1  b  i 1  -  t  y  :  e  g u  1  r  ee  '  "s*»e  and  avoid"  other  aircraft  is 

very  critical  {Ref.  1  3 )  .  Boorr.  ration  visibility  is  also  very 
.•I'.f  Leal  .  Hach  receive;  :t>  e;r  •  e  visual  ly  vectored  into  the  in- 
•  r 4  :  ref  i  r.g  poo  i t  . .  in  .  ■  :  :  .  iojt  operator.  Receivers 

approach  t..«-  tan.se;  single  or  in  formation.  While 

r  •  •  i  a*-:  ing  a  formation  of  u  i  rcruf  -  ,  one  ship  is  refueling  while 
the  others  remain  in  the  vicinity.  Facing  aft  from  his  position 
i  n  the  toot  pod,  the  doo.t.  operator  must  nave  unrestricted  lateral 
visibility  00 •  either  side  of  the  tail,  60  •  above  and  90  *  below 
-.he  longitudinal  axis  of  •  he  aircraft. 

3 .  ENTRY/ EX  IT  (Normal  ana  Emergency).  Normal  entries/exits 
provide  access  to  the  flight  deck  without  interference  from  the 
cargo/troop  load  or  activities  in  the  cargo  compartment.  Space 
and  arrangement  of  seats  and  consoles  provide  easy  access  between 
f  he  rear  portion  or  the  flight  deck  and  crew  seats  for  crew  mem- 
oe: s  wearing  bacx-type  nr  chest-type  parachutes.  Then  utilize 
various  means  coitpat  i  ole  with  that  of  the  receiver  to  arrive  at  a 
pouitioi  within  visual  range  of  the  receiver.  Ground  and  ditch¬ 
ing  emergency  exits  include  the  pilot's  and  copilot's  sliding 
windows,  inward  opening  hatches  above  each  wing,  and  the  aft 
emergency  exit  hatch  on  the  right  side  of  the  cabin.  Additional 
ground  exits  include  the  crew  entry  chute  at  the  left  rear  of  the 
■..■spit  and  the  main  cargo  door.  Inflight  emergency  escape  may 
;>•  accomplished  by  exiting  through  the  crew  entry  chute  or  the 
a  :  <nn-.  rgency  exit  hatch. 

4  .  1  EAT  r  NG .  T.-<-  ;ocx  pit  crew  seats  (Ref.  14)  are  adjustable 

a  r )-.*•*  longitudinal  and  vertical  axes  and  reclinable.  They  have 
:  ;  r.i  nut  resilient  seat  .and  back  cushions.  Lumber  support  is 
:>  siruhl  .  The  back  cushion  may  be  removed  to  accommodate  wear¬ 
ing  vi  hack -type  parachute.  The  arm  rests  are  comfortably  padded 
and  may  no  stowed  for  easier  access/egress.  The  height  of  the 
arm  •  est.  :  should  be  easily  adjustable  so  that  the  elbows  and 
forearm...  can  rest  at  j  comfortable  elevation.  Each  should  con¬ 
's  i  r  is  .a ....  '.a  tray,  which  can  be  extended  from  the  end  of  the  arm 

.  Gr.sv  narv/nssri  grips  for  the  si  lots  to  grasp  when  they  are 
mare.jv.-r  mg  themselves  in  or  out  of  the  seat  must  be  present. 

Add  i  >■  i  one.  i  1  y  ,  foot  rests  are  installed  to  provide  a  place  where 
p  1 1  or..;  ms  elevat®  their  feet  to  reduce  fatigue  without  damaging 
'  ; , e  ;  ns*. i  u m e n r  n a n e  1  o r  o t  n er  -.'0 V s  . 


A  BRAN  G  KM  ENT  d /LAYOUT .  Specific  location  of  displays  and 
■  it;  {lie:  .  13}  Ref  .  i  >r.  ■  tor  trie  complexities  of  this  crew 

e  B  :  -  ;  <.i  r  •  •  qui f  e  s  i  g  n  i  ‘  ;  cafif  .  Time  of  response,  misinterpre- 

•  ut  on,  >v<- r  i.r,ok  i  ng  r>i  missing  are  directly  related  to  the  care 
i : x •  ■  r u i sen  is  design ; ng  nr  layout .  Factors  to  be  considered 
,r,c{.  frequency  of  use,  r^l  ntionship  to  other  tasks,  access  i  - 
n  i  it/  under  diiterigg  nog;  eo:;  of  constraint,  emergency  condi - 
t  ior.c,  ldor, t  i ;  i ."u  t  i  .  ,r. ,  r  **,idabi  i  i  t.y  ,  i  nterpret.abi  1  ity  ,  and 
p.-.ys  ica  l  factors  (size,  weight,  structural  interference). 


:L  cu.  ur.Ci'  a  rs :  :cr..; :  r  uints  are  indicated  by  describing 
jane,  and  cor.  sol.  •  area  •••;:•.  ich  can  be  reached  with  restraint  har- 
nosses  locker  ana  unlocked  and  oy  describing  visual  areas  normally 
i n  the  most  sensitive  area  o:  view  and  those  in  areas  of  lesser 
or  it icali tv . 


a.  KrjACii  AND _ Vi  SION .  Reach  envelopes  are  depicted  in 

l-’  .-s  r,  and  7.  Ail  flight,  a  ran  and  power  controls  are  located 

withm  keac..  dor,./  .  Aon :  t  ior.a  1  ly  .  space  is  available  for  the 
placement  of  critical  vfont.ro is  and  displays  within  Reach  Zone  1 
and  ax  1  CDU  item...  witr.m  Roach  Zone  3.  Following  are  definitions 
of  Reach  dor.//::  ..s  used  it.  this  notebook  (Ref.  17).  They  accom¬ 
modate  the  5tr.  to  tne  9 5 1 a  percentile  pilot. 

Zone _ Is  Re  .3  r  .  n  ’  harness  Locked-Funcf  ional  Reach. 

Tnis  zone  includes  the  are.;  tha*  can  be  functionally  reached  with 
the  sea r.  in  the  fail  ap  position  by  the  fully  restrained  crew 
member  without  retch  or  arm  or  shoulder  muscles. 

Zone  7:  Restraint  Harness  Locked-Max imum  Func¬ 
tional  Rouen .  This  zone  includes  the  area  that  can  be  func- 
t  i./r.ai  ly  reached  wi  th  the  seat  in  the  full  up  position  by  the 
fully  restrained  crew  member  with  the  maximum  stretch  of:  the 
shoulder  ana  arm  muscles. 


Zone  :  Restraint  Harness  Unlocked-Maximum  Pune- 
:  .en.il  Roues.  r.t .  s  zone  includes  the  area  that  can  he  functional) 
rescued  wit  t  sent  in  the  full  up  position  by  the  crew  member 

wit.;  the  s  ho  aider  rest r a  me  .  illy  extended  and  the  arms  stretched 
i  •_  1 1  lent,  t  r, . 


V  i  s  ;  or. :  Ur.o..  .  tr  acted  vision  through  windshield  and 
windows  located  on  crew  memce; ' s  ride  of  the  aircraft  with 
restraint  harness  locked  and  ‘.me r gene y  oxygen  in  use. 


b  .  CON  S0  = .  :-h) .  r :  i  r  .•  ,.h  xult.  must  have  over. head,  center  , 

pilot'..  sine  and  copi  lot  '  s  He  consoles  of  adequate  size  to 
position  :c.  i.  req  ..  i  rod  cost  ro  t .;  and  displays.  Present  consoles 
■  iViOf:  uuoguaro  spurt  w ;  t  h  tne  exception  of  the  pilot's-  center 
"»;r.:,o  le  ws.eh  m,,.,  .-n  1  arg*  a.  The  boom  operator's  afd  station 

nave  „  pane of  adequate  n  i/e  to  position  all  required  con- 
t  rod-,  and  display/,  witr.in  easy  reach  of  the  boom  operator  and 
with  ea..;  operability  by  the  boom  operator  in  a  safety  harness 
u . ;  i  r, q  e ,t r  j e r. c y  o xyqen . 


••or. uo:e  wn.cn 


The  pilot's  ove.noud  consol../  { Figure  8)  is  approximately  4  stan¬ 
num  ARi.d.  co r.t.  o)  panels,  wide  at  the  forward  end  and  approxima¬ 
tely  6  pane,../,  wide  at  me  rear.  Kyebrow  windows  on  father  side 
pr  tv  i  1 1  •  r  mrn  v .  . ....  i  ty  .  Tne  ai  t  end  is  constructed  and 

mounter;  so  a  :  m  preclude  pi  'tot;;  i  rom  bumping  their  'sc  ads  as  they 
er.t-'r  ;  n.  ,  .amt;/.  Trie  cog  so'1  e  should  nrimarilv  coni  a  in  aircraft 


system  cont.  r 


ir.n  a  i  so  v  ays. 
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Vrif  at  •  ci*nU;r  console-  ■'  Flour  •.•  ) ..  .-no  ci  bo  expanded  ir.  si;:<  to 
approximately  2  standard  ARTNC  control  panel::  wide  and  24  in ones 
I  one.  i  unning  art  rrom  the  throttle  quadrant,  with  the  last  8 
inches  narrowing  to  one  panel  width  for  easier  mgress/egress . 

The  :ie  i  g  h*  t  ci!  tii<-  console  should  be  approximately  14  inches.  The 
bark  corners  must  be  constructed  so  as  to  preclude  injury  to  the 
pilots'  logs  during  egress/ingress .  The  throttles  and  drag  con¬ 
trols  are  located  on  t e  center  console  approx imato ly  even  with 
tr.e  yoke  along  the  for  e/a  ft  axis.  The  center  console  should 
primarily  contain  avionics  CDUs  that  must  be  access: ole  to 
both  pilots.  This  includes  those  CDiJs  used  for  communication, 
navigation  and  flight  control  through  the  autopilot. 

The  forward  center  console  (Figure  5) ,  formerly  called  the  "fuel 
panel",  must  house  the  fuel  control  panel  and  various  other  avi¬ 
onics  CDUs  that  must  be  accessible  to  both  pilots  as  defined  by 
the  "Reach  Zones". 

The  pilot's  and  copilot's  side  consoles  (Figure  10)  are  space 
limited  to  approximately  one  standard  ARINC  control  panel  wide 
and  approximately  11  inches  long  located  outside  and  abeam  each 
pilot's  seat.  They  should  house  items  requiring  access  or  con¬ 
trol  by  only  one  pilot,  including  individual  oxygen  regulators 
and  individual  interphone  controls. 

The  forward  boom  operator  s  panel  (Figure  11)  located  at  the 
former  navigator's  station,  must  contain  controls  and  displays 
for  use  by  the  boom  operator  while  in  the  cockpit  (communication, 
oxygen,  lights;  and  some  CDUs  that  are  redundant  to,  or  not  crit¬ 
ical  to,  locate  at  the  pilots'  stations  (dedicated  INS  CDU,  HF 
radio  control,  accelerometer;. 

The  boom  operator's  aft  station  presently  offers  adequate  control 
and  display  space  and  access.  In  addition  to  present  capabili¬ 
ties,  the  aft  operator's  station  must  allow  the  boom  operator  to 
( . '  start  and  stop  fuel  flow,  . 2  ■  preset  : uel  offload  so  that 
of  i  io  ci  cl  stops  automatically  and  (j)  record  and  display  fuel 
offloaded  during  each  mission  and  to  each  receiver  (Ref.  61). 

c.  INSTRUMENT  PANELS .  Tr.e  cockpit  instrument  panels 
(Ref.  18;  are  in  three  sections;  left,  center  and  right.  They 
. t r ■  dimensioned  and  installed  to  provide:  (1)  necessary  over- 

t he-nose  visibility  from  the  design  eye  position,  (2)  adequate 
leg  room  with  full  render  and  braxe  operation,  (3)  unobstructed 
visibility  of  the  flight  and  engine  instruments,  and  (4)  easy 
reach  by  the  pilots  with  their  seats  in  the  properly  adjusted 
position.  A  padded  glare  shield  over  the  panels  protrudes  toward 
the  rear  to  reduce  glare  on  the  instruments  from  outside  ambient 
1  i  q  h  t . 

Th“  left  instrument  panel  contains  principally  pilot's  flight 
instruments.  The  center  panel  contains  the  aircraft  systems  and 
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engine  per  tot  inane.:-  instrument;; ,  i  consol  idateci  caution  unn  w  >rn- 
mg  annunciation  panel ,  and  Larding  gear  control  and  position 
dicators.  The  rignt  panel  contains  principally  copilot’s  f i i g h t 
instruments.  The  instrument  panels  are  gray  and  the  glare  shield 
black . 

d.  WORK  AREA.  Information  contained  in  aeronautic.;', 
charts,  flight  planning  publications,  and  aircraft  performance 
manuals  must  be  readily  available  for  inflight  navigation.  Pre¬ 
cise  and  intensive  preflight  planning  does  not  preclude  cnang-a 
of  air  traffic  control  clearances  or  tactical  diversions  requir¬ 
ing  use  of  these  documents.  When  they  are  opened  or  unfolded 

in  the  cockpit,  half  the  instrument  panel  and  windsnield  a  re- 
obscured  from  either  pilot's  view  and  accurate  plotting  of 
courses  or  coordinates  is  virtually  impossible.  To  provide 
working  area,  a  table  top  surface  useable  by  the  copilot  at 
crew  station,  which  will  not  interfere  with  full  travel  of  tr.e 
flight  controllers,  is  highly  desirable. 

One  possible  method  of  providing  this  workspace  is  with  ar.  ext-.-r.- 
dable/stowable  table.  While  not  in  use,  the  table  must  b<  si  owes 
near  the  copilot's  seat  in  a  position  that  will  not  inter :ere 
with  ingress,  egress  or  access  to  the  controls.  Wnon  extended , 
it  must  provide  a  flat  surface  over  the  copilot's  I.-.p,  wr.er*- 
publications  may  be  used  efficiently  without  obscuring  cockpit 
visibility.  The  table,  in  any  position,  must  not  interfere  w .th 
flight  control  movement  in  flight  or  during  ground  operations. 

e.  WORK  STORAGE.  Binder  checklists  are  typically 
cult  to  hold  and  are  often  dropped  on  the  floor  or  on  top  o:  a 
control  or  display.  A  checklist  arrangement  whicn  alleviat«*n 
that  problem  and  provides  tne  pilots  with  pertinent  and  tinr.c  y 
information,  is  required. 

6 .  REST  AREA. 

CREW  COMFORT.  Certain  creature  com l or t  features  in  the 
design  allow  more  of : iciont  operation  ny  reducing  crow  fatigue 
and  irritants.  Things  that  tr.e  c r < *w  can  "work  around"  for  snort 
periods  become  unsafe  or  iner  f  icie.nt  obstacles  during  a  16  hour 
crew  duty  day. 

Facilities  are  provided  wr.ere  an  augmented  aircr  -w  can  el  imi  nafr 
body  waste,  combat  hunger,  thirst  and  fatigue,  and  maintain  a 
reasonable  state  of  alertness  during  a  crew  duty  day  up  to  24 
nours  in  duration.  An  augmented  crew  consists  of  the  basic  crew- 
plus  at  least  one  additional  pilot  and  room  operator  (Ref.  19; . 
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B  .  INFORMATION  (DiSfmAY  ;  RKQU  i  RKMRNTS  . 

1.  GENERAL .  It  is  necessary  that  the  information  require¬ 
ments  be  addressee  in  terms  which  are  meaningful  to  effecting  th 
mission  (in  contrast  to  the  present  practice  of  identifying  only 
in  terms  of  sensors  available.  One  unique  display  of  a  param¬ 
eter,  whicn  is  readable  to  the  limits  of  sensitivity  cf  the  sen¬ 
sor,  is  not  necessarily  appropriate).  Some  information,  at  leas 
by  name,  will  appear  in  more  than  one  place.  It  may  differ  in 
format,  accuracy,  sensitivity,  ana  response  frequency.  Informa¬ 
tion  requirements  are  tailored  to  two  major  categories  of 
interest;  namely,  Mission  Management  and  Weapon  System  Control. 
The  major  distinction  being  long  term  versus  short  term,  as  well 
as  the  scope  of  interest.  Another  way  of  distinguishing  net ween 
the  two  is  to  view  Mission  Management  as  me  province  of  assess¬ 
ment,  strategy,  planning  ana  dec a s 1  on  making  tor  accomplishing 
the  mission  and  to  regard  the  Weapon  System  Control  as  the  actio 
means  for  responding  to  such  decisions. 

2.  MISSION  MAN  AG  LMF.NT .  Mission  management  is  the  applica¬ 

tion  of  the  crow  system  in  effecting  the  mission.  It  provides 
for:  assessment  oi  progress,  as  planned,  ir.  accomplishing  the 

mission;  determination  or  degree  of  variation,  effect  of  the  de¬ 
viation  and  consideration  cf  alternatives.  (Tnis  is  not  new,  al 
pilots  do  it  implicitly.  What  is  new  is  the  identification  of 
the  area  ana  specific  attention  to  the  needs  for  this  function; . 
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C  LAC  r.  y ; ,  M  • .  POS  t tr, , . ■  *  i' o :  miss  ion  mu n a g o me n  t ,  t  r  i 
m:  primarily  *  r.uvigat  tor,  related  :  unction.  At  a  minimum  the 
crew  must  se  uj.c  t  o  determine  their  x,  y ,  z  position  with  a  tin; 
base  for  corps  r . .  <<n  to  the  planned  profile  against  the  same  time 
I  a  •  ’ , : . "  ,  -  u.-.ou ;  d  be  able  to  view  the  time  history  of 

planned  am;  act.;,  -.pace- 1  irr.e  positions  and  also  the  project:  i~r. 

for  fit  jri"'  t  irr.e- ,  with  tne  constraint.-;  of  technology  and  econo¬ 
mics  ippl  iiM.  ■  r. ; ..  vehicle  it  wii  i.  be  necessary  to  employ 
nurr.ee*-  ,f  .  and  com. rating  devices  no  a.  to  cover  tne  gamut 

of  ro<;  .irern-  •  :  >:r.  els.,.;!  operation  to  precise  posit  lon.rc  ,  a 
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■  iu  .  in  ;  :  >.  c  .  .  vans  c  ..  Aithou.m.  .i  multiplicity  o:  .senaor 
an-:  coop  . '  ••  r  ..  ,  ■■■  -• ;  v‘*o  ,  :  -  i.  ses ,  ran  .  e  t.  n.at,  ‘  ror  far 

•  i  !'w  .  is  ;  •  •  c  ,  in  lir  ro, -  ti  simple  anc).- 
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^  j, )  Hi  Pi  i  r.  g  ^  g  o  siit  c  o  \^a  t.  r.oti  r  c  c  u  i  r  t  g  ,  o  ^  g  C  j  y  f 
upon  demand,  a  health/.li:e  indication  for  each  of  the  engine:; , 
the  information  to  be  cased  upon  accumulated  hours  of  operation, 
normal  life  expectance,  sensors  for  oil  contamination,  sensors 
for  vibration.  Should  be  displayed  continuously  when  reaching  a 
preset  limit. 

(3)  Cabin  environment  (desired  but  not  required)  - 
display,  continuously,  hours  and  minutes  of  oxygen  remaining 
based  upon  oxygen  consumption  rates. 

(4/  Alternates  -  display,  upon  demand,  coordinates 
and  identifiers  for  alternate  refueling  tracks  or  alternate- 
recovery  sites  that  are  within  the  capabilities  of  the  aircraft. 

(5)  Weather  -  display,  upon  demand,  an  indication 
of  weather  factors.  Tne  display  should  have  the  capability  of 
presenting  a  graphic/symbolic  portrait  of  the  weather  at  crew- 
selectable  ranges  around  the  aircraft.  The  display  should  nave 
the  capability  of  overlaying  aircraft  position,  flight  plan  and 
crew  selected  waypoints.  Range  of  weather  returns  will  oe  4  NM 
to  240  NM.  Resolution  will  oe  r  1  mile  with  a  sector  scan  or 
plan  position  indicator  display  format .  There  are  two  readily 
visible  and  independent  indicators  one  for  the  pilot  and  one  for 
tne  copilot.  Tne  pilots  may  have  different  ranges  selected  for 
weather  display. 

(6)  Take  off  and  banding  Data  -  display,  upon 
demand,  all  the  information  required  for  takeoff  or  landing.  The 
crew'  will  input  tne  data  that  is  not  sensed,  i.e.,  RCR,  surface 
wind  on  active  runway,  flap  setting,  runway  temperature,  etc. 
Display  is  to  be  in  alphanumeric  format. 

(7)  We igr.t  ana  Balance  -  display,  upon  riemanc ,  the 
weight  and  balance  of  tne  aircraft.  Tne  crew  will  input  the  data 
that  is  net  sensed  (i.e.  drogue,  cargo  and  passengers}.  The 
basic  weight  will  oe  pre-programmed.  Display  is  to  be  in  alpha¬ 
numeric  formt. 

(3}  Thrust  -  display  on  demand  tne  thrust  required 
for  each  profile  segment,  i.e.,  T/G,  climb,  cruise  (including  max 
range  and  max  endurance) ,  and  descent.  Thrust  commands  will  be 
accurate  within  y  .03  EPK.  Associated  with  this,  a  digital  dis¬ 
play  on  demand  will  provide  optimum  altitude,  mac.n/a  i  r  speed ,  time- 
remaining  at  optimum  profile  ana  distance  that  can  oe  flown  at 
optimum  profile.  Display  upon  demand,  in  digital  form,  time  and 
distance  remaining  (readable  to  +■  one  minute  and  +  one  mile) 
under  present  flight  conditions. 

3.  W KAPOK  SYSTEM  CONTROL.  Control  in  a  concern  with  the 
immediacies  necessary  to  the  implementing  (effecting)  tne  deci¬ 
sions  of  tactic:;  and  mission.  Although  tne  flying  of  the  vehicle 
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tor  displays  are  the  primary  action  displays ,  the  i  nforn.at  ior. 
necessary  to  determine  desired  action  comes  from  support i ng  dis¬ 
plays.  One  broad  class  are  those  which  provide  information 
(short  term)  about  the  flight  path  being  effected,  those  paths 
possible,  the  desired  or  required  paths  and  the  limits  of  safety. 
Flight  Path  Angle  ( FPA;  is  defined  as  the  ancle  between  the  hori¬ 
zontal  plane  and  the  flight  path  (in  a  vertical  plane)  of  the 
aircraft  (Ref.  21).  F PA  is  desirable  although  not  required.  If 
used  it  is  to  be  displayed  upon  demand,  to  either  or  both  pilots. 
It  is  also  to  be  displayed  in  continuous  graphic  fashion  superim¬ 
posed  on  the  attitude  display.  The  indication  is  to  he  a  shape 
coded  mark  which  translates  vertically  with  respect  to  tne  hori¬ 
zontal  reference  on  the  attitude  display.  The  displacement  from, 
the  reference  line  is  proportional  to  the  FPA  with  movement  above 
the  line  indicating  climb  and  below  the  line  indicating  descent. 
Displacement  is  to  be  not  less  than  0.030  inches  per  degree  of 
FPA.  This  is  to  be  positioned  to  the  right  side  of  the  attitude 
display  (as  viewed  by  the  pilot) .  Display  should  be  damped 
so  that  FPA  response  rate  is  similar  to  pitch  response  rate 
displayed  under  similar  circumstances . 

(4)  S  Prill  J .  Display,  continuously,  at  each  pilot 
position  Calibrated  Airspeed  (CAS)  (Ref.  22)  True  Airspeed  i TAS ; , 
Groundspeed  (GS)  and  MACH.  (Ref.  23).  The  CAS  and  Mach  infor¬ 
mation  are  co- located  immediately  to  the  left  of  attitude  or.  vr.e 
mam  instrument  panel  witn  it's  horizontal  axis  aligned  wit:,  tr.it 
of  the  attitude  to  a  tolerance  of  +  C.i".  TAS  and  GS  are  co  oe 
co-located  in  the  lower  left  corner  cf  the  mai ci-morie  Horizontal 
Situation  Display  (HSD) .  CAS  and  MACH  must  be  presented  in 
graphics  format  which,  may  be  augmented  by  alphanumeric  readouts. 
The  display  scales  may  be  vertical  or  round.  TAS  is  to  be  -re¬ 
sented  oy  an  alphanumeric  readout.  Tne  values  associated  with 
maximum  structural  limitations  must  oe  indicated  on  tne  CAS  and 
MACH  displays  continuously.  Ranges,  accuracy  and  readability  are 
as  follows:  CAS,  40-150  +1.0  Knot,  150  to  350  Knots  at  +  2 
knots  and  3  50  to  500  Knots  at  +  5  knots;  MACH,  0.1  to  0.9  a--  + 
0.01  Mach;  TAS  and  GS  0  to  100  KTAS./KGS  at  *  1.0  knot,  ICO  to  500 
KTAS/KGS  at  +  2.0  Knots.  The  maximum  operating  limits  of  .9  much 
or  350  KCA3  must  oe  displayed  continuously  and  will  be  ir.tegr  >1 
to  the  CAS/mach  display.  Both  primary  and  bacK  up  displays  wi ,  : 
be  on  the  same  instrument. 


(o)  HEIGHT .  Display,  continue 
position  barometric  reference  altitude  (Ref 
demand,  at  each  pilot  position  the  absolute 
terrain.  Each  value  is  to  be  displayed  m 
may  oe  augmented  oy  alphanumeric  readouts. 

: or  barometric  altitude  readability  are  -10 
.Ci,  for  barometric  references  and  ,2\  for  C 
'  o  exceed  +  250'  of  true  ore-snare  a  1 1 .  t  ude 


prof  ill-.  For 
Vo  2500  at  + 
at  the  desiqr 
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.ixt’s  should  no  in  alignment  wirr  tno  a  tv  i  r  t-de  ax  x to  j_  0.1". 
Visual  low  altitude  wai  ran  j  symbol  m-s*-  provided  on  t  hi:,  b . 
p  1  ay  when  the  veh i c*l>-  i  below  1  0,00 0  bc-et  Mean  i-oa  Level  «' MSI- >  . 
Vno  barometric  displays  ffiua  t  al.,c  include  baroitet  r  ic:  pj  es.:«r<-  ir. 
inches  of  mercury,  a  so  lector /reminder  indication,  ( Ke  f. .  25' 

( Ret  .  26),  and  an  indication  of  never  icon  to  backup/aiter  n, li¬ 
censors  during  degraded  mode  or  emergency  operation.  The  Su-loc- 
tor/reminder  display,  lor  each  pilot,  should  indicate  aircraft 
approaching  selected  altitude  w.ion  deviation  is  is','1  or  less. 
There  should  be  an  indication  aircraft  has  deviatec;  more  chan 
200'  from  selected  altitude  or  more  than  50’  from  glide  path. 


v  V  ,  1  u  n  1  ilA;,  VI: ;  ,Ot  i  V  i  .  OiSpuaV  ,  COtt.  1  P.LiOL.dy  ,  at. 

eacn  pilot  position  the  rate  of  change  of  altitude  (Ref.  27) .  i 
order  to  immediately  display  pertinent  vertical  velocity  inform;-, 
t ion ,  the  sensor  parameters  should  encompass  earometr ic  rate. 
Pitch  attitude,  acceleration  and  true  ai rpsoed .  Proper  mixing 
of  these  signals  provider  the  pilot  with,  ail  the  advantages  in 
((sickness  afforded  r  y  conventions':  instantaneous  vertical  velo¬ 
city  displays  vs.tr.  t  ,v:-  added  advantage  of  display  smoothing  in 
t.  arouience.  Trie  :  c;r  airspeed  signal  is  used  t:  c>  ga  m-scnedul  e 


(c. ,  Vat.-  vertical  velocity  display  should: 

{ 1 ,  Provide  an  instantaneous  indication  o; 
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.mil  i  i  ?  r.  i  igi.i.e  i.  >n„  .  To*-  pr  entry  ir,:,ta*  led  AOA  scute. a 
in  •  •  o  L . ;  the  I  ol  1  ow  i  n.g  cr  iter  ia . 

(a)  The  AOA  display  sr.ould: 

(  I  )  Provide  a  "normalized"  indication  to 
s  impl  i  t  y  pilot  interpretation  i.e.,  digits  0-1.0  indicate  percent 
oi  lift.  Zero  i  r.c:  .e.j  t  e  o  the  /ero  lift  angle  of  attack  reference 
(or  -4  degrees,  ,  wni  ie  the  i.O  represents  100%  of  aval  ladle  lit' 
and  an  angle  of  attack  indication  between  initial  nut  fet  and 
stall  (or  +16  degrees). 

i  2,-  Sr.  >w  t  ne  relationship  not  weor.  trie 
aircraft  AOA  and  the  desired  AOA  for  cruise  and  approach 
conf igarat ions . 

(V,  Show  the  aircraft’:;  AOA  wit:,  respect  to 

the  AOA  for  stall. 

(4)  Provide  actual  percent  ot  ii;t  as  v.oll 

as  trenci  information. 

(5;  Be  calibrated  to  a  i  splay  apt  .mam  AOA 
for  Lor  max  range,  max  endurance  and  approach  opera; ion. 

( 6 }  ? r o  v i d  e  AOA  indication s  " n a *  are  a  a  t o - 
maticaily  compensateo  for  cr.ar.go  .  n  lift  configuration  jp  to  30  * 
of  f i a  p . 

(7)  do  located  to  the  lr  f  t  and  approxima¬ 
tely  hor  izontal  with  the  airspeed  indicator ,  since  :  r.e  infor¬ 
mation  from  the  i  wo  systems  is  con.pl  iment  ary  to  each  other . 

i;r)  Trie  previous’,  y  described  ang.e  of  art,  -ex 
ir.j  or  mat  ion  must  oe  supp  lemon  tod  with  an  AOA  i  r.dexer  .  Th  i  •  uni: 
(one  for  each  pilot)  is  locate-. 1  on  the  glarosh  fold ,  centered 
alone  the  pilots’  normal  eye  references.  Tne  top  "V"  (;-‘d 

chevron  ilium  mated  set  wees.  .  6  ?  7  and  1  .  f)  AOA.  The  ..men 

"on  speed"  "0"  (circle)  in  i  i  iun  i  nated  between  .57  and  .66  At'/.. 

The  bottom  "A"  ( amne  i  mr-vror.)  i  ..  illuminated  net  ween  zero  and 

.  77  j  AOA.  A  d  i  m.r.e  r  sw  i  .  .ivai  i.abi*‘  on  each  pilot  ;  ’  At)A 
indexer.  The  indexer  is  ears  i  1  y  readable  under  ill  itmmt  light 
con; i  i  r  ions. 

o ;  i  An  i  p  p  r  .n  i  *  r  r .  i  n  <  1  e  x  i  sh..’.r  ior.  i ,  .  s  ;s  ■ .  ;  ;  ;  <  ■  s  , 
dampened  and  then  repeated  or.  the  a  1 1  i  t  ade  di  re-tor  indicator 
I  a : ,  t  /  s  1  ow  deviation  pointer  wner.  th.is.  r.w  i  t  ch  selection  i  made  . 
The  center  diamond  or  "on  sp<--  d"  !  norma  1  i/i-d  AOA';  i  nd ;  cat  ion  rep¬ 
resents  .6  AOA.  Tne  s  1  ow  inc-x  i  amono  i  represent  s  a  .to,  AOA 
while  tne  fast  index  r epr orients.  .77  AOA. 

\  O  .  ."7  .  Kiti'l  i  1  1  Wtti  'll  Oothi  .  ]  \  A'.’  .  Cf\  .  '/  i  ‘i)r.  t  l  'I  s  - 

f  > :  i  s  :  y  ,  to  —  ,i  c  i  1  si  lot  po.  i  *  i  .un  ,  t .  *  s  t  , ;  .  c  t  ■ : .  ■ .  . :  :  ,  ,  C  . .  -r 

between  the  air-r.P  :  .odor  :  i ;  (■  :  v.,  .  too 

fonrdin.v.  ion  display  'mould  show  *■  he  magn  i  ‘  ind  1 1  i  ■  - 1  - 1  i  or.  oi 


r 


•  "r,"  vt-ct  oi  or.  ts<-  ,t  i  rciot  t  .  .oration  should  be  neat  ar.s 

.  r.  a  vertical  plane  with  the  attitude  director  indicator.  An 
inclinometer  or  ball- m-a-race  display  (Re!  .  i  0 )  '.a  recommended. 

It  .should  be  either  in  the  bottom  portion  of  i  no  Abi  ,  or  immedi¬ 
ately  below  the  ADi. 

;9)  H PAP I NG .  The  heading  of  the  aircraft  (selec- 
r  aolo  by  the  pilot  ir.  relation  to  magnetic  north  or  true  north) 
should  be  displayed  continuously  to  each  pilot  (Ref.  31)  (Ref. 

3  2). 

(a)  An  adjustaoie  marker  to  reference  a  desire, 
reading  should  oe  provided.  The  adjustable  heading  marker  will 
also  be  used  to  signal  heading  command  for  'he  flight  director. 


.’ne  hoacing 


;et  will  be  integrated  with  the  hot  i  rental  a. -.ca¬ 


tion  display  and  he  adjustable  independently  trom  either  pilot 
.-  l  colon. 

'/)  T'ne  neauing  display  mould: 

(1)  Show  the  actual  magnet ic/t r ue  heading 
'  t  t  i  d  i  ^  v  ci  i  l.  'O  w  c.  h  .  r.  .  ’  . 

:  2)  BO  b  C  d  Vj  i  1  i  Z  (rd  t.O  l  >  V  O  V  1  O  fc  d  P  i  H  5  t  a  fi  “ 

t.'ineoas  correct  heading. 

(3)  at,  integrated  with  the  horizontal 


-v  i  f  >.1  "i  *  c  O f.  1 1  1  i5  p  1  d  V  zj  ,  UiH- 

.light  control  system. 


vir.vj  in  a  ;c\i  i  o  i  hi  lit*  w:  lt. 


trie  !  lic r. t  director..  and  tr.e 


10  r  i  v  o  ;i  t  a 


>  .  i  ■ !  r  i .•  rotator,  nr- .1  r 
. ; .  ,;ji  i  on  . 


(10;  a  i  NO  SiirlAh.  Act  u  ...no  r  •  !  •  r  ep.cod  t:  ..e  air¬ 
speed  compared  to  actual  and  referenced  or-  ...r.. ".speed  sao;..  Id  or- 
:or.  t  1  r...ous  ly  n  1 s.  - .  .s/ed  :  -  >  r  pilots  :  .  ns  me  f  1  r.u  i 

a  pp  1.  oach  and  lancing  pauses  se  ..at ....  dot  s  ,  prop- 

or  ly  me  chan  1  sed  ,  w  i  ;  1  or071.no  the  p  1  lot  witn  encuch  .  n  (  or  mu  t  ion 
on  wind  linear  at  low  altitudes  for  him  n  determine  if  safe-  o pet¬ 
it,  ions  car.  be  accomp  )  i  . . hod  ,  • .  g  .  ,  can  a  sal*  approach  .or-  accorr- 

’  i..h‘-d  ins)  w ; .  a  •  .  '  .e  Jfr.d  u  be  :  air.  p  •  .  : ,  -s  ssoul  :  .- 

'11  -  a  ;  s-jici  '■)>■  ;<!  (  R  • .  .  {  ,  •;  Ko  ;  ,  > ,  .  •  •  .  .  rh  .  A.  digit.,., 

d  1  ..play  ot  the  d  1 :  i  >.*r  ■  n  s  ■  ;  •tween  -rue  1  . :  speed  and  n  r  oundspeed  , 
do. .or  i  h  *.*d  in  t.  h»-  paragraphs  on  those  systems will  p:  evids  the 
s:  is:  wit,  rci)  n\i  •.  r  i  or  i  on  for  winds  heat  do  tec,  ion  and 
1  ;  r  speeu  ad  ;  ss,  tx.ent  re«->„  .  r  .  sr.en  t  s, . 


.  i  >  )  i  j  i i  1  >  )  i  W  !  I  1  ... ' .  .  'fl  iji  .0 

;  •  r/Ld  :  t  '  » 


M:-, .  r»o  1  o  *  1  ow  i  r,\:  t  1  m  j 
i  O'isI  y  man  a ‘jets  sy  ti 
.els r  ,1  n< i  ••on  1  or  : 


. n  r  ■  i  r .v,  \  ; on 
v  i  pi  t)!')  m a r  t.  1 1 


•  be-  •  n  -  ;mv  i  a  r.si  p:  1  and 

-•  in  1  s.i  t  1  •  ms  wi  :  >.  : ;  t  r f  f  :  r  con:  1  c.  1  inn  « -omnia  nd  ar.<i  <:< >n  t  re<  i 
>r gan  1  za t.  ions  (cot.:.  1  r.uous  .lisp. ay)  . 


S:i  j  !  1  i  C  K  a . .  1  e  ■  .  .  j ,  S  e  a 

■,p<  ■<- 1  f  1  e.  i  I'sroit.  nav  .  gat  lor  waypoin 
I- :  s d  s  s< •<  ■ ' :  ,  ‘  :rr.  irs  on  inf  and  son-; 


fr  nr  t  iKeoff  or  from 
1  f  c,t  compi.tat  ion  of 
1  a,  sur-i  <  -a -si.  f  i  mi  r.<; 


1 . .  < 


memory . 
in  memory. 


(c)  Estimated  time  enroute  to  any  waypoint  in 

(d)  Estimated  time  of  arrival  to  any  waypoint 


(e)  A  two-window  digital  time  display  with  the 
follow  ng  features  is  recommended:  a  24-hour  clock  readable  to 
seconds  and  a  hackable  elapsed  time  counter  readable  in  hours, 
minutes  and  seconds.  The  counter  should  selectively  count  up  or 
down.  The  clock  should  operate  continuously  from  the  aircraft 
battery  regardless  of  the  position  of  the  battery  switch. 


(12)  BACK-UP  FLIGHT  INSTRUMENTS.  The  pilot's  and 
copilot's  flight  instrument  systems  must  be  designed  to  operate 
from  independent  power  sources  so  that,  in  the  event  of  power 
failure,  the  aircraft  can  be  operated  by  using  one  system  or  the 
other.  Additionally,  redundant  altitude,  attitude,  airspeed  and 
heading  systems,  as  discussed  in  paragraphs  on  these  subjects, 
are  required.  If  electronic  attitude  director  displays  are  in¬ 
stalled,  a  third  attitude  indicator  with  the  following  features 
is  highly  recommended  and  is  required  by  Federal  Air  Regulations 
(Ref.  36)  for  certification  as  an  air  carrier: 


(a)  Located  plainly  visible  to  both  pilots. 

(b)  Appropriately  lighted. 

(c)  Operative  independently  of  any  other 
attitude  indicating  system. 

(d)  Powered  from  a  source  independent  oi  t  :>■ 
electrical  generating  system. 

(e )  Operative  w:  t  r.out  select  ion  •  r  t 
failure  of  the  electrical  generating  system. 

(  f  )  Continued  r*1'.  i<>:>'.  >■  at  ;or.  to:  :  ;r. .  r. .  - 

mum  of  thirty  minutes  after  tots)  fai lure  of  the  electrical 
generating  system. 

(a)  Be  harden*-  d  against  predictable  F.MP. 

(13)  VEHICLE  CONK  c  f  'RAVI  .  Tt'.o  displays  for  vehi¬ 
cle  configuration  are  to  be  grouped  t  -‘.get  r.er  or  may  oe  integrate! 
into  one  display  device. 


Wing  r1 ;  ups. .  .  *  i  : ' - - y  ,  .  •  •.,*  i  nso.,s  i  v  ,  *  ne  pi  >  s  :  - 

t  ion  in  degrees  of  the  wir.q  t  1 .  A  e  i  re:  ic.it  ion,  is  t .  i 

located  on  the  main  instrument  readable  :y  h.  • 

pilots.  Display  is  to  be  rea<i.»r.  i  e  .,:ai  ..cc  .•  *  < .  *  s  ,ioqt  . 

During  transition  the  1  ;»g  from  cured  j  to  t  . 

greater  than  0.1  second. 


.been  brakes .  Oi sp continuous i.y ,  tr.e  pom 
t  ion  o!  t  he  speed  stakes.  A  single  display ,  reenable  by  both  pi 
,  ot;;  is  to  be  located  on  the  main  instrument  panel .  The  display 
>.■  t .  i  i  no  ie.it  »•  r  :  ;  r  t  he  gos  :  t  ion  » .»  tolly  extended  or  fully  re- 
f  r  act  e<i  with  a  reao  i  1  y  d i s  t i ny  u 1  shade  indication  for  transition 
or  malfunction. 


ijjtdi  r:  g  uoar  .  Dj.sp.ruy  ,  continuously ,  the  posi 
t ion  and  status  of  the  landing  gear.  A  single  display,  readable 
by  both  pilot:.-,  is  t  a  be  located  or.  the  main  instrument  panel. 

The  display  is  to  indicate  tr.e  conditions,  fully  retracted  or 
fully  extended  and  locked  witn  ..  readily  distinguishable  indica¬ 
tion  for  transition  or  malfunction. 


Warning .  An  alerting  display  readily  read¬ 
able  by  both  pilots,  is  to  provide  a  readily  distinguishable 
and  attention  getting  indicat .on  when  drag  devices  are  not  prop¬ 
erly  aligned  with  the  controls  or  the  thrust-drag  condition  is 
i  lap  roper  . 

(14)  T; i RUST  MANAGEMENT .  Display,  upon  demand, 
within  the  propulsion  display  group,  the  values  of  the  opera*.  ;  r.g 
p-jrame*  ei.  s  lor  e:  footing  -he  thrust,  management  condition  seiecte 
by  the  crew,  indicating  the  condition  selected.  An  alphanurre-r  .c 
i  •.•about  is  t.o  present  tr.e  condition  selected,  t  ne  optimum  operc- 
t  :  r.  j  condi  *  ions,  tn<-  ope::  at  i  ona  1 1  y  control  labile  parameters  ar.d 
:  r ,e  opt : :  t  u  if.  values  or  cneso  parameter  s  . 


i  r  t> ,  CAbilOi.  AWD  WA.vu.Nri.  The:  are  many  item.. 

.v::  ic:  co  i  id  adversely  affect  ‘  t-e  mission,  the  vehicle,  tne  crew. 
T,.e  effects  of  :  .  f  mot  ions  ret  the  gamut  from  minor  inconveni¬ 
ence  to  .'.a  t.asti.  vpne  .  The  n.i  *.  ...  r  <  ■  of  *  nr  mal  function  varies  in 
•  i  i!iO  i’ fc.*on s o  J:  rom  1*10  i n s  1  d n r. d r; 0 o u » >  t.o  ti wnicr.  ucctu »_?  ovo r 
tours  and  days.  The  multitude  o :  displays  and  annunciators  i e- 
guire  that  spec  1  a  1  effort  be  made  in  tne  case  of  ilertir.g  ar.d 

.  1  .  ,  -  .  O  l  I  .  ,  I.'  .  .  .  "  .  O  I’l '  HILi  i  .  i.N1  i  .  -■  J  I  .  - J  vi  >  1'  t  *  ’■  :.i  J  llil  l  r.l]  ..  .  i  .  . 

j  ■ :  oTimr  ■ :  : *  .  e - :  o  :s:  s ■  A  .  . ' \  ,  gown  :  r.  p r  *  o :  1 1  *.  i 

■  : .  -  •  .  "  j'  ■ ■  n  t  i . 1 1  .  /  i  i  :  •  >  r  u  r  , c  i  ■  n  ;  : ...  . .  .  :  .  b  j  on  were  •  o  recu  ; ; 

■  ''.,p  not  q.i  i  ’.>•  a.,  i  mia-r- 1  ;  ..  he  .  >  itnei  s  p<  •  t  :  j  eu  r  o '  r  ;  . .  - 

s  ..  ■■  >r  t  i  on  .  x  ■  feme  vj-.r  «ilou-..i  ,  high  rin-i  ]  a  no:  rigs  inn  coma.  .  •- 
,  ■  :  ,.er  rurifijiwe .  Too.;*..-  of  t  he  most  urgen:. ,  ii:<  b.icuho;"- 

•r.  i'  t  bin  requ  :  separate  unique  alerting  modes  which  are 

i  .  ’  ■  'b  ;  i  om  nr,-'  v-'iicie  f...  another.  Pi  re  and  imrr.i  n<  nt  col i : o 
....  ;  r.  t  h  •  -  j  •,  e<)OL  y  . 


:.  r,  i 


P re.  A  :  i  a  hi  mg  rco 
eng  i  ne/whee  1  w<j!  I  fire-  t-xb  inguisher 
; i a  1  to  the  ci  ew  wiienne-  v.-r  .  f  .  r  ••  occu 
wn.-eiwell  areas .  The  11  gib  mist 
cbibr  ist  so  an  ‘  o  re-ji:  i  1  •_  vi.  ibl 
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under  high  amn.erb 
rr. i . . ,  t  a  I  so  ope  r  a  f  •  • 
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Col i i s ion .  A  single  indication  readable  oy 
both  pilots  is  desirable.  If  used  it  must  provide  an  alerting 
signal  and  display  for  proximity  warning  and  collision  avoidance. 
This,  while  normally  "blanked"  must  be  in  an  'armed'  or  ready 
status  at  all  times  when  the  vehicle  is  airborne.  The  alerting 
signal  must  also  operate  through  the  Caution  and  Warning  System. 

Caution  and  Warning.  "Master"  indications  for 
both  warning  and  caution  are  required  for  all  sensed  failures  or 
malfunctions.  This  is  to  be  effected  using  two  signal  lights 
located  centrally  in  front  of  each  pilot.  The  intensity  must  be 
such  that  each  is  readily  seen  under  high  ambient  light  levels. 
The  Master  Caution  and  Warning  lights  must  each  incorporate  a 
push  actuated  switch  so  that  when  lighted  a  push  will  extinguish 
it.  The  Master  Caution  and  Warning  Lights,  when  activated,  must 
stay  illuminated  until  the  malfunction  is  corrected  or  until  the 
crewman  pushes  the  switch  to  extinguish  it.  Each  of  the  lights 
must  respond  to  an  activating  signal  and  correction  of  the  .mal¬ 
function.  Each  must  be  capable  of  being  individually  extin- 
guishable  by  either  pilot  (Ref.  37)  (Ref.  38).  Light  redundancy 
is  needed  to  preclude  total  Master  Signal  light  failure. 

(a)  The  caution  and  warning  panel  should: 

(1)  Illuminate  in  conjunction  with  the 
master  caution  light  but  extinguish  only  when  malfunction  has 
been  corrected. 

(2)  Be  color  coded  between  cautionary  and 
more  serious  (warning)  systems. 

(3)  Have  a  circuit  testing  system  which 
illuminates  all  the  individual  caution  and  warning  lights  Gs 
well  as  the  master  caution  lights. 

(4)  Be  readable  in  direct  sunlight . 

(5)  Be  riimmable  for  night  operation. 

(5)  Consist  of  one  individual  dedicated  ight 
(redundant  lighting  to  preclude  outage)  to*  ach  system  or  system 
f  a  i  L  u  r  c  . 

(7)  Provide  a  green  ir.unc*- 1  or  :  or  an:  i-tro 
usage.  This  light  will  not  trigger  the  ''Master"  light. 


The  nomenclature 

for  t. nose  light 
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,  :■ boino  systems  require  a  warning  annrr.Cia 
either  aopuratc  front  or  in  addition  to  the  master  ca 
’  .  iii  and  con  so.,  iouteo  cur.  ion  anc  war  nine  panei  •  These  otner 
cedi eaten  war  nines,  include : 


a, ia  uut'ai  gear  a 


’.safe  warning 
•.anaie  whicr. 


.  e  •■  eons  lot  or  a  -■  t  or,:-,;,  m 

i  ;i  a  ten  u.nn  u  wu  r  r  :  nq  tor:,  which  sound?  when  any  engine 
-  ;,-v  :  icvcl  i . i •.) v t.o  '.ui  ;Ci  iO  pos -  -  ion  w  *  c r. o u t  ih?  c a r 

•  .  :.*j  town  and  lock'd.  Ana  .  t  i  on  a  1  ly ,  dedicated  indicators  are 

■.  •  •  .  ..i  r  /  to  show  up,  in- transit,  or  down  position  of  each 

•  ■,11  i  r.d  ivid.sul  :  /  .r,.;  cent  muoasly. 


■*.  .  •  .  .  •  .  .  >  :  .  -A  )  a  ■  ,  c  \.i ■ 
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,..d  when.  '-no:  • :  .  :  ooi  90k  E  PM  w  i  t.!l  the 

<■  j  ,  ’  >n  f.  .1  *  ■  g :  c  , ; ,  : ,  'r.t  . .  <  i ;  .1  * .  c  *  -  a  r  ;  o  w  r.  a :  *r.  c  .v  i  nq  1  ,  ,:r 

:  .Tl  /  ret  ;  act.,  a;  ■ . r  :  "  4; at  or  oeyoco  40  degrees;  ot 

•hr  r  c  t ;  ,oa  r  n  i  >  ••.u:  t  1  c...  c  e  not  full  y  retracted;  or  spec- 

i  ■> f  ••  i  <  *  ■ ; ..t !  *  *  O'/ ‘  ;  . 


■  ■  ■  ■  •  1 1  ■  •  <  •  i » i  j  i  «  m' ■  t  f  i  /.  ( i  . ;  i  i.  •  « j  j  i  j  i  . u  .  j  n el 

..  iqna  1  wnen  approach:  .no  irt  ,  nr;  t  ha;  1  *  . 


^  u>!<‘  I  C  i/i  »  n  «.  3  *'  •  I  . 

n  r.n  v  i  ;  :  vi  .  i  i  •/.  ;i  t 
.mo  . 


v  4  / 

v <')  :>>  1  *■*-:>; i of .. t  1  n <  •  . ' y  :.»  :  r. 

■iiit;  ,  generator  :  u  i  i  ares  • 


i*.'*  ’  <a  H » J  ;>v.  jiOWh’j’  1  n<2  i  '' '  ci  t  Of  i":  !  fv*  X 
:  • . »  ; i •  i ;  rr.ii.  i  o r.  r, ;  :  a  \  . r o : > . 

.  .  a  y.Kt  *  » ■  t  •  /  * rm  i  c <.1 1.  o  open  c  i  i  ~~ 

.  r  on  *  z-  •  :Vv;I  eb  . 


(5)  Visual  engine  fire  warning  light.,  wr.-c 
illuminate  when  an  overheat  condition  around  the  engine  occur::. 

(6)  Aural  pilot  activated  system  (he  II;  to 
alert  the  crew  and  passengers  of  imminent  danger  suer,  as  ba^i 
out,  ditching  or  crash  landing. 


(16)  LIGHTING .  Lighting  must  be  responsive  to  ail 
display  viewing  conditions.  Three  conditions,  listed  in  ascend¬ 
ing  order  of  severity  are:  (1)  a  clear  or  partly  cloudy  sky  with 

the  sun  incident  on  the  display  over  the  pilot's  shoulder;  (2)  a 
low  visibility  diffuse  surround  luminance  of  1  0,000  Foot-Laraber  ts 
like  that  experienced  in  haze,  light  mist  or  near  the  tops  of 
clouds;  and  (3)  sunlight  incident,  through  the  aircraft  windscreen 
just  over  the  instrument  panel  glare  shield  and  in  the  general 
vicinity  of  the  direction  in  which  the  instrument  is  viewed  oy  an 
air  crew  member. 


The  orientation  of  installed  aircraft  instruments  must  be  such 
that  direct  specular  ( i . e . ,  mirror  type)  reflections  of  light 
sources  enhance  the  perceived  ^egioiiity  under  this  viewing  con¬ 
dition.  The  solution  is  to  either  Dlocs  (or  attenuate)  the  fielu 
of  view  in  which  the  sun  is  located  or  increase  display  luminance 
to  compensate  for  the  apparent  increase  in  display  background 
luminance . 

b .  VEHICLE  ? 2RF0RMANC H/;>TATUS  (ADVISORY)  . 


< 1 )  PROPULSION .  Indications  of  aircraft  engine 
performance  must  oe  continuously  displayed  to  the  pilots,  no  that: 
proper  and  timely  operational  and  aircraft  maneuvering  dec  is  i  nr.  3 
can  be  made.  Tnerofore,  a  display  that  time-shares  engine  per¬ 
formance  with  other  information  is  not  acceptable.  The  engine 
instrument  display  system  should: 
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in',  ,’T  ov  » .  •hur.urf.or  ic  reauou:  o :  . 

pi  r .::■■■  ■  r  .;  ,  •  i  .,u  ;  i  •  •  i  i  •  •  n  *  - -t  i  tea, .out::  or  a  so  1  ;  .. .  i  • 

<  /  eng  i  ne  ,  i  .  *  .  ,  u  i  .  :  o.j  r  .  .j’io  or  t  j *  ■ ,  ;  .  u/w .  . .  i m; a  1  t  a n *  . 
■ :  ,  i :  -  j  i  >■  i  .hi  .  O  i  git.il  roanout  r.  must  nr-  at  I-'nnt  0 . 2  0  inch, 
: ,  > '  l  h  t  . 
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v  •'» )  t\  c  y  t  o  lit  '  v  ■>  ,  i  o  r  v  t.  r«  <.  y  *  ±  •'>  r  .*.*'■  r  v  ■  • 

Iain  i  uei  tank  has  loss  than  9000  pounds  of  :  uol  wi  t.-.ou:  0.  , 
tank  to  engine  manifold  valves  open,  all  main  tank  noon t:  p-mgs 
turned  or.,  and  the  landing  gear  down. 

;  1)  A  system  to  alert  tno  pilot  whenever  tr.o 
m u  in  i  jOi  tun x  rover  .  a  -  . h  ooiow  cur.  capac  :  tv  ar.o  tr.e  *vr*c  .  n*  , 
are  not  being  fed  from  the  tank  to  engine  manifold  con;. c-ratio 

{?:.)  A  syr.to:r.  to  alert  the  pilot  whenever  the 
center  wing  tank  fuel  quantity  falls  below  201  capacity  and  Pot 
override  pumps  are  not  on  and  at  least  one  boost  pump  per  eng  in 
is  not  on. 

in)  A  system  to  alert  the  pilot  of  low  fuel 

•  :..antity  whenever  the  fuel  remaining  is  less  than  the  fuel  re- 

;  .  i  r i. •  d  to  destination  (plus  alternate  if  designated/  at  pre-pro- 
g  r  u.s.r.ou  TAS  (  +  winds)  plus  one  hour . 

(5)  P  R E 3  S  d  R I  ?,  AT  1 0  N  .  The  presently  installed  .••••si  • 

:  the  following  criteria.  Cabin  altitude  may  ne  selected  :• 

i.  w  - 1 G  0  0  to  10,000  feet  by  the  pilots,  after  which  tue  seiec- 

•  .••:;  cabin  altitude  is  automatically  maintained  with  a  maximum 
...tirade  differential  limit  of  3.6  psi.  Emergency  depre  ssunza- 
a. or.  controls  are  provided.  Cabin  altitude  is  displayed  at  all 
times.  The  rate  of  change  of  cabin  altitude  is  controllable  be¬ 
tween  5G  and  2CG0  feet  per  minute.  Alert/warning  annunciation 
provided  for  malfunctions  and  for  indication  of  cabin  altitude 
above  12,G0C  feet  MSE. 

(6)  AIR  CONDITION  INC .  Cocxpit  and  cabin  tem¬ 
perature  controls  are  installed,  however,  actual  temper  a  tur 
should  be  displayed. 


(7)  0  XV  GEN .  Or.  the  presently  installed  system  ft 

oxygen  system  quantity  (0-3  liters)  is  displayed  at  all  times. 
Individual  oxygon  regulator  pressure  as  well  as  normal  and  oner 
gone y  oxygen  flow  are  provided  and  displayed  on  demand  at  all 
crew  stations  plus  two  passenger  station.,  near  the  cargo  door. 
Aler t/warr.inq  annunciat  (on  is  provided  on  the  regulator  panel  ; 
case  oxygen  flow  stops  i or  any  reason.  Seven  portable  cxyccn 
not; ion,  ten  portable  oxygon  bottle  brackets  and  six  oxygen  ro- 
changing  our  I  etc,  .ire  provided.  Quick  donning  oxyqen  nauxs  she.,., 
ne  provided  at  fr.o  pilot's  tmd  copilot's  stations  as  well  r  at 
i  to  i  cat  ion  of  oxygen  remaining  y  in  hours  and  minute.-. )  ,.r  pre-her. 

rare  of  use.  If  tr.o  oxygen  system  is  not  in  use,  *•  he  hou;  a. r.d 
minute;;  o:  oxyger.  remaining  will  be  displayed  as  it.  one  perron 
were  using  oxygen  with  100%  selected. 


C.  SPACE-TIME. 


{  !  ,  PGR  I  fO.V.'Aa  SI TJAVION.  Di";  i.:V  to  ears  • 
■it  lot  par,  1 1 1  or.;:  the  in  format  ion  necessary  remain  o-  .  .'r.te  .  w 
regard  to  t  r  ue/m.igne  r  i  c  nor  t.u ;  heading  vs  ground  t  r  arx ;  "■■■  .u. ;  r. 


t  T  v.:  • '  r'k  ;  ‘  3  1  ;<J  (.5  i  i  1 p ;  \  Z  p  lof:  ;  C  O  OCj  rajAUCui  l  «  '  c;  t,  f  on  ; 

;  ;  ouif-c  nircful  :  (  i  r.  formation  or  receiver  aircr...:’; 

:  ,y  ,,nd  n..  v  aids  ■:  -.he  required  maneuver  mg  { m  a  fior^o 

o  .  yr.e  i  n :  or  mu  l  i  on  is  for  the  control  of  the  vehicle  j  n 

thoi  term  context . 

l ,  i  c pi  j v  t r. e  -  c _L o v  a r. ojto  :  o i  co r. t  r m  o <  i  .  i  g  .n  t  put r.  .  r.  a  r. o r  i 
tjnuu  o  1  a r* e .  A  senar..v  o  ito  in  :  <*0  .iioc.  for  oac.n  or  lot 
totcion.  The  center  axis  of  the-  display  is  to  do  located  or. 
inru  uir.ent  panel  27"  t  2"  from  the  eye  reference  po.nt  ar.c  lat 
ally  on  tne  center  line  of  tne  crew  member  to  a  positional  acc 
r  acv  v.  +  1.0".  Add  i  t.  lonailv  its  lateral  alignment  with  the 
attitude  i  no  icati  or.  must  bo  wi  turn  +  0.1".  The  vertical  pi  set¬ 
tle  nt.  must  he  immediately  below  the  attitude  display.  ?or 
ungraded  mode  operation,  Display  at  another  iocatior.  or.  the 
t  or ward  instrument  panel  is  acceptable. 

Tne  •  noma:  ion  to  bo  displayed  falls  into  three  categories;  c 
play  continuously,  display  only  upon  demand,  display  either  co 
inuously  or  upon  demand  according  to  the  designers  option, 
following  must  be  continuously  displayed.  Magnetic  or  true  he 
, ng  (prof or raoiy  at  top  center  of  display)  of  the  aircraft  to 


r o a abixi  c y  o ! 


:y/ms 


ic  graphic  format.  Desired 


*r.,e  or  magnetic  course  (prof crrably  at  the  top  right  corner  o 
a  .  ,.:;iay)  ,  actual  distance  and  time  at  present  airspeed  -prefer 
a;.-.;  at  the  top  left  corner  or  display)  to  a  crew  designated  r 
erer.ee  point  ( TACAN ,  waypoint,  localizer)  to  a  readability  of 
. .  ■  in  a  digital  format,  for  the  angular  information  and  to 

■^liability  of  y  v.i  mile  up  to  99  miles  and  +  1  mile  there...  ft 
-  -  r  the  distance  inf  ormat  ion  ir.  a  digits,.  format  e.no  -r  r  r.  e  c  o  n 
. p  to  i  hour  arm  r  1  minute  thereafter.  Groundspoed  and  tr.,-" 

izol aved  continuously  in  the  lower  lef.  '• 
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r.o.'izontal  si  tuat  ion  display  should  provide  the  pilot- 


..re.  1  (.:■ .  g  .  ,  Nav . ;  i  cm. ,  cu 

.  e- . ;  l  p  oi  t  e  d  po  in;  ..  d  e  f  i  n  e  d; 


•  ‘  )  i.  .  i 
i  a  .0  {  C 

pc,  -  a  t 
rt  i  r.  r  a 


'  i  a  n  a  t  o  ci  do  i  a  t  a  o  r  i  -5  t  k  u  g  o  /  ±  c  a  o  i  r 
as  .1  bear  iny/d  i  stance  from,  another 


ncludir.u  the  AkCP;  ;  waypoints  of  interest  off  the  1  '.  i<  r. 
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u  ireful  t  poj  i  c  .or. ,  :.<va.r.q,  course,  course  deviation,  drift, 
bearing,  anti  distance  information,  all  presented  with  the 
accuracy  necessary  to  accomplish  a  given  flight  maneuver  profile. 

The  horizontal  situation  display  (HSD)  must  provide  the  pilots 
with  the  capability  to  selectively  obtain  any  or  all  of  the  in¬ 
formation  listed  above.  It  must  be  displayed  in  such  a  way  that 
the  horizontal  position  of  the  aircraft  relative  to  the  earth 
terrain  features,  navigation  waypoints,  weather  cells,  formation 
aircraft  and  receiver  aircraft,  as  appropriate,  is  accurate  and 
intuitively  obvious  to  an  appropr iately  trained  pilot. 

Mach  pilot  must  have  the  capability  to  individually  and  indepen¬ 
dently  select  the  following  for  display  on  his  HSD:  Navigation 
mode  (e.g.,  individual  sensor,  computed/processed),  format  (e.g., 
standard  HSI,  electronic  map)  and  special  functions  (e.g.,  radar 
overlay,  north-up  or  track-up,  clutter,  range/scale  of  the 
d  i  s  p  1  a  y  )  . 

A  color  display  is  extremely  desirable  for  ease  of  interpreta¬ 
tion.  The  HSI  format  on  the  HSD  should  have  the  following 
features:  two  bearing  pointers  with  tails,  compass  rose  wits 

luboer  line,  heading  select  <nob,  actual  alphanumeric  heading 
readout,  course  set  knob,  course-selected  readout,  failure  indi¬ 
cations  for  the  components  and  tne  navigation  source,  and  other 
standard  HSI  features  (e.g.,  course  deviation.  To/ From,  DM K , 
aircraft  symbol,  course  arrow,  heading  marker ) .  A  continuous 
readout  of  groundspeed  and  true  airspeed  is  required  on  the  HSI 
format . 

The  HSD  must  be  integrated  witn  the  navigation  management  system 
and  the  flight  director.  It  must  have  the  capability  to  dismay 
information  which  has  been  placed  in  the  mission/navigation  com¬ 
puter  in  such  a  way  that  the  pilots  can  accomplish  the  mission 
scenario  (e.g.,  flight  plans  placed  into  the  navigation  manage¬ 
ment  system  should  be  graphically  displayed  on  the  HSD).  The 
computer  should  have  the  capability  to  provide  display  and  review 
of  the  entire  flight  plan  within  seconds.  No  selected  informa¬ 
tion  may  take  longer  than  one  minute  for  display.  One  mot non  of 
displaying  required  information  on  the  HSD  was  developed  for 
purposes  of  verifying  these  criteria  and  is  shown  in  Appendix  B . 

Wn i lo  some  of  tne  information  should  be  integrated  into  a  single 
Cbu  (HSD)  for  each  pilot,  some  information  should  he  displayed 
separ  j  t  e  i  y  (e.g.  ,  RMI ,  BDHI )  ,  to  reduce  clutter  and  provide 
reounciant. /back-up  source  of  horizontal  information.  To  provide 
bearing  and  distance  information  additional  to  that  displayed  on 
t:  he  HSD  for  normal  operations  and  for  purposes  of  redundancy/ 
back-up  during  degraded  mode  operation,  a  BDHI  should  be  in¬ 
stalled  on  the  pilot's  and  copilot's  flight  instrument  panel. 

The  pilots  should  have  the  capability  to  individually  select  the 
source  or  navigation  sensor  from  wnich  earn  of  tine  hearing  poin¬ 
ters  are  receiving  their  signal .  Radar  will  bo  displayed  on  t  he 


liSO  <« s  a  pilot  election.  The  radar  imagery  will  either  overlay 
the  .symbol  generated  flight  plan  route  (not  HSI  format)  or  will 
be  displayed  independently.  Display  modes  will  include  (inriivid 
uuily ,  not  simultaneously) :  weutner ,  APN  69  beacon,  surface  ter 
rain,  or  akin  paint.  Only  one  display  mode  is  available  to  both 
pilots  at  a  time.  However,  each  pilot  may  select  different 
ranges  at  the  same  time.  Range  selections  will  be  4,  12,  20, 

40,  80,  160,  240  Nautical  Miles.  Weather  warning  will  be  dis¬ 
played  on  HSD  anytime  a  severe  weather  cell  is  detected  on 
radar.  Display  oi  radar  will  be  sector  scan  or  PPI  as  selectee 
by  pilots  using  "track  up"  mode  only. 


C.  CONTROL  Kr.C'o  I  Rr.M.ENTS  . 

1.  GENERAL .  Control  e;  used  in  the  broad  context 

this  document  to  include  not  only  the  manipulation  o;'  st  ic<  arse 
rudder  and  other  physical  activities  out  the  manipulation,  con¬ 
trol  and  direction  of  data  processing  and  information  flow  among 
the  displays,  computers  and  automation  equipment.  In  a  sense- 
then  control  is  synonomous  with  "Command."  Within  this  context 
of  complete  and  total  control  a  dichotomy  can  be  defined  (as  was 
done  in  display)  of  long  term  (Mission)  and  short  term  (Vehicle; 

Control  may  be  effected  by  a  variety  of  mechanisms  (e.g.,  r - , r x , 
wheel,  rudder  pedal,  rotating  Knob,  rotating  multiple  posit. on 
switch,  toggle  switches,  sliding  devices,  push  button/.  Care- 
must  be  taken  in  the  selection/design  to  insure  that  esthetic 
considerations  do  not  interfere  with  identification,  locution 
operation.  Push  .ottons  must  have  sufficient  "throw"  and  d  r- r  r.  t 
so  as  to  provide  positive  tactile  feedoacK  through  gloves.  sp.-c 
mg  between  adjacent  devices  must  accommodate  95  percent  il--  pi¬ 
lots  wearing  gloves.  The  possibility  of  inadvertent  actuation 
must  be  guarded  against.  Toggle  switches  and  rotary  switches 
must  'nave  sufficient  movement  and  detent  action  to  provide  posi¬ 
tive  tactile  feedback .  Symmetry  of  shape  and  position  m  unn-  - 
siraolo.  Shape  coding  and  position  coding  is  nignly  denim:  .<• 
for  positive  ider.ti  i  i  cut  ion.  All  spring  loaded  devices  must 
accommodate  the  'wide  range  of  strength  to  be  expected. 

2.  MISSION .  in  mission  control,  the  crew  in,  cor.ee  men  w;  •  . 
actions,  decisions,  controls  m  the-  context  of  effect  or  imp  we¬ 
apon  the  ultimate  outcome  of  the  mission.  In  this  context  then 
it  is  those  controls  which  are  operative  for  long  term  rospor.ee 
which  are  of  concern.  Obviously  the  actual  manipulation  (c-itch 
knob)  Will  oe  quick  but  tne  effect  is  long  term  (e.g.,  enc..ge 
altitude  hold  and  set  a  desired  altitude).  Naviect ion  in  cetera 
fails  in  this  category  (while  ILS  may  be  categorized  as  a  Xav  ai 
it  is  a  short  term  consideration,  and  is  discussed  under  Weapon 
System  Control).  Weather  and  Threat  are  environmental  conn ; r i on 
the  effect  of  which  is  generally  lone  term. 


oe ter mi n i nq 
p a r  in g  w 1 1 h 
reams  /.one . 


SPACE-TIME  POSITIONING .  The  controls.  nocnm.my  for 
( and  cross  checking)  space-time  posit  ioning  ...rui  com- 
the  plan  should  oe  clustered  and  located  in  a  pr imar 
Following  are  the  criteria: 


(1  ) 


i  n  f  i  i  v  i  d  u  a  i  1  y  .a  n  d 


All  sensors  (or  sensing  system.)  ar<-  t  o 
selectively  control  lable  by  oiHit  r  pilot 


(2)  Controls  should  be  ca  tenor  i  c.nfj  more  near1, 
with  equipment. 
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--.tit  . :  •.<■>  i.  n<-  pi  me  t.o  i ■ 
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d.  HEAPING .  The  heading  indication  of  the  aircraft  i,ust 
be  selectable  as  to  the  use  of  magnetic  north  (for  typical  opera¬ 
tion  with  navigation  aids)  or  true  north  (for  over  water,  high 
latitude,  etc.)-  The  selection  must  control  the  inputs  to  all 
heading  indicators  so  that  they  present,  si mu 1 taneously ,  true 
north  as  a  reference  or  magnetic  north  as  a  reference. 

A  redundant  source  for  heading  is  available  from  the  AHRS  arid  two 
INS  systems.  The  source  to  be  used  must  be  independently  selec¬ 
table  by  eacn  pilot.  If  both  AHRS  and  INS  heading  systems  are  in 
use  (i.e.  AHRS-pilot,  INS-copilot)  and  true  heading  mode  is 
selected,  the  heading  signals  from  the  AHRS  will  be  modified 
(with  INS  information)  to  supply  true  heading  signals  to  selected 
displays.  The  heading  reference  of  "magnetic"  or  "true"  must  be 
clearly  annunciated  to  both  pilots. 

e.  WAYPOINTS .  Waypoints  to  be  stored  in  non-erasable 
memory  are:  prestored  nav  aids,  intersections  or  airfields. 
Additional  waypoints  may  be  inserted  by  the  crew  into  a  memory 
which  they  may  later  change  or  delete.  Waypoints  inserted  by  the 
crew  will  have  a  computer  assigned  identifier  (e.g.,  LL  1 t  uL2 ) . 
These  identifiers  may  be  further  expanded  by  the  crew  (by  the 
addition  of  words  (e‘.a.,  LLl/COAST  OUT,  LL2/FIR ,  LL3/MARY)  .  Way- 
points  may  be  inserted  by  the  crew  in  terms  of  bearing  and  dis¬ 
tance  from  a  waypoint  already  defined.  In  tnat  event  the  nearing 
and  distance  notation  will  be  retained.  All  waypoints  will  be 
defined  by  the  computer  in  terms  of  longitude/latitude.  The 
flight  plan  can  be  modified  at  any  time  to  go  directly  from  the 
aircraft  present  position  to  any  identified  waypoint.  Waypoint 
capacity  will  be  a  minimum  of  50  waypoints,  recallable  or  reuse- 
able  and  non-volatile.  However,  a  guarded  erase  feature  will 
erase  an  unwanted  flight  plan  from  memory.  A  typical  flight  plan 
will  be  programmed  on  a  portable  memory  device  at  a  location 
remote  from  the  aircraft  (i.e.  base  operations).  The  programmed 
flight  plan  will  be  complete  with  desired  waypoints,  desired 
altitudes,  forecast  winds,  desired  TAS ,  weight  and  balance  com¬ 
putations,  fuel  place  and  TOLD  computations.  The  programmed  por¬ 
table  memory  device  (i.e.  cassette  or  floppy  disc)  will  be  car¬ 
ried  to  the  aircraft  by  the  crew  and  inserted  into  the  mission 
management  computer  memory.  Subsequently  the  crew  may  modify  the 
flight  plan  as  desired,  using  the  nav  management  system  in  the 
aircraft.  After  a  flight  plan  has  been  flown,  a  print-out  capa¬ 
bility  will  provide  the  crew  with  a  paper  print-out  of  the  actual 
flight  plan  as  flown,  complete  with  ATA,  altitudes  and  fuel  log. 

1  Re  f  .  61) 

4.  NAVIGATION  .  The  pi  iot/mach  i  no  interface  for  control  1  i  nc; 
the  navigation  sensors  snould  meet  the  following  criteria.  It 
snoulo  provide  for: 

a.  Some  amount  of  redundancy  in  event  of  r.a  v ;  gn  t  :  on 
management  CDU  failure,  i.e.,  a  second  CO U  and  a  dedicated  INS 
control  head. 


r,  5 


r.< .  a< >:r-e  amount  or  ronunnancy  in  ••vent  or  proc:t*.:..or  : 
t'i  i  .ic  k  box  fdi  lar  e  . 

c: .  The  cori'acf  ope r  at  ion  of  the  controls  wnicn  is 
intuit  ively  obvious  to  t  no  pilot. 

d.  All  sensors  to  be  individual ly  and  selectively 
controllable  by  the  pilot. 

o.  Automatic  tuning  of  TACAN  navigation  radios  (with 
dear  ly  visible  annunciation  of  automatic  tuning)  along  an 
inertial  flight  track. 

i.  Capa  hi  i  :  ty  for  both  the  pilot  and  copilot  to  ir.divic 
uaily  and  selectively  monitor  (receive)  aural  identification  sic 
p.  a  is  r  r  om  u n y  or  5.  i  VOK/  1  :,b  ,  h'AcAN  ,  ADI  ,  and  Mar  ker  oouco n 
transmitters,  simultaneously  on  noth  headsets  and  cockpit 
speakers  and  to  independently  adjust  each  input  volume. 

g.  Capability  to  adjust  the  light  intensity  of  the  dis¬ 
plays  either  automatically  or  manually  to  satisfy  ambient  light 
cor.d  it  ions . 

h .  Redundant  controls  for  the  INS  may  be  outside  the 
normal  reach  envelop  of  the  pilots,  providing  they  are  readily 
accessible  to  someone  else  on  the  flight  deck . 

Increasing  the  number  and  type  of  navigation  sensor: 
interfaced  on  the  Centro _/d i splay  unit  for  increased  flex ibi lit' 
with  minimal  change  in  size  and  operation  of  the  overall  naviga- 
t.  ion  system. 


f  .  TOMMuN  I  CAT  ION’ .  The  pi  iot/macnine  inter  face  for  r 
Ting  comrr.unicat  ions  radio  information  has  the  necessity  : 

i  tuseous  communication  (transmitting,  receiving ,  monir.t 

u  ,  ..eus-:.:  age;;-..'  .  :v.  b  r •  frequencies  which  r  or:  l 
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r  si  j  ,  j.  tb"  ■  /[.>••  or  ••.-,< -r.f  ly  i  r.sta  tied  ,  are  general  :  v  s  ii 
,  or  ».a< •  rro  ion  .  iiowov  i  ,  t  n<-  add  i  t  ior.  oi  VHP  c;omrr..,n  ica; 
:.if/abi  I  i  >  /,  rr-icreb  ion  ■  > :  tin.-  dedicated  cor.rr o]  heads  ant 
i  i.i  j  t  i  on.i  i  ,i-.i<i  i  o  monitor  lr.g  .irul  volume  cont  t  el  Cupar.  i  1  i  tr 
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m  r  e.td  i  I  y  and  ea.iiiy  oj.fr ate  them. 


.  Capo;  1 1  i  i  t  y  ior  col:,  h<>  p:  i  ot  .  n  ■  i  c<  >:  >  i 
;  .  i  •  - 1 1  ■<„• ;  i  v '  ■ .  y  ;r,. ;  tor  i.  r  i  ■  c  ■  i  v  e  ;  t  r ...  r.  s  m  i :  si 


.1  '  'o/i,n  j  : ,  i  c.i  t.  i  ■ .  <  i  l  o : .  .;  i  i,.  i  *  .neons  Iv  on  both  headset 
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ually  and  select  rveiy  *  r  ^  n  a  m  1 1  on  separate  comm u  n  i  c  a  t  i  o r. s  radios 
(•one  radio  per  pilot  at  ,1  c  ime)  without  interference. 

e.  Capability  to  provide  UHF/DF  information  to  the 
na v  l g a t  i or.  yvs t err. . 

l.  Proper  operation  o.  controls  in  a  manner  wnich 
intuitively  odviouS  to  the  crew  member. 

g  .  rdpdoi my  to  preset  and  recall/tune  at  react  a  0  uiir 
cnannels  that  correspond  to  predetermined  frequencies. 

h .  Individual  volume  adjustment  controls  for  each  radio 
at  each  interphone  panel  position. 

i.  Complete  monitoring  and  transmitting  capability, 
similar  to  the  pilot  s  '  ,  at  the  forward  and  aft  boom  stations. 

j .  Capability  to  tune/operate  tr.e  HF  radio  from  the 
forward  ooom  station  as  well  as  from  the  pilots'  position. 

k .  Intraplane  communications  between  all  crew  position, 
without  broadcasting  outside  the  aircraft,  except  to  ground  hand¬ 
ling  personnel  through  an  external  receptacle  for  use  on  the 
parking  ramp.  (Interphone) 

l.  Capaoii ;  tv  to  communicate  with  receivers'  crev. 
th r o u g h  bo t h  aircra f  t s  '  i  r. t e i  p h one  s v s  t e ms,  w h e t ;  c o ,n n o c t o d 
together  for  refueling,  without  oroadcast ing  outside  the  two 
aircraft.  (Boom  engaged  interphone) 

m.  An  mterpr.one  feat.. re  wr.ich,  when  activated,  allows 
any  crow  member  to  override  ail  other  commun icat ions  recept ion 
within  the  aircraft.  (CALL, 

n.  CapabiJity  tor  crew  members  to  transmit  to  nasaonuor : 
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TEST  AND  MEASUREMENT 


Tests  and  measurements  are  the  processes  for  acquiring  data 
which  are  descriptive  of  physical  characteristics  or  provide 
information  on  performance  characteristics. 

The  data  acquired  can  be  compared  to  standards  for  determing 
compliance  or  non-compl iance  with  those  standards. 

For  decision  making  purposes  on  complex  systems,  the  greatest 

weakness  is  that  no  laboratory  test  has  been  devised  that  takes 

into  account  all  significant  factors  and  produces  an  output  ade¬ 
quately  descriptive  of  the  total  performance  capability  of  the 
system. 

This  section  addresses  the  alternative,  the  use  of  batteries 

of  tests.  These  batteries  of  tests  attempt  to  measure  all  of  the 

known  factors  which  are  significant  to  the  determination  of  the 
ultimate  suitability  of  the  system. 

A.  GENERAL.  Test  techniques  can  run  the  gamut  from  paper  and 
pencil  tests  on  a  simple  component  to  a  full  blown  flight  test 
program  on  a  complete  system.  The  general  approach  advocated  is 
one  ot  progressive  screening  pursued  on  two  levels.  On  one 
level,  components  and  subsystems  must  be  demonstrated  to  comply 
with  appropriate  standards.  On  the  other  level  the  total  system 
must  be  demonstrated  to  satisfy  the  mission  needs.  Figure  12 
illustrates  the  characteristics  of  progressive  testing.  As  tests 
become  more  sophisticated,  the  cost  of  the  test  and  the  time  to 
perform  the  test  increase.  While  confidence  in  the  results  also 
increases  with  the  increased  sophistication,  the  ability  to  re¬ 
spond  to  design  variations  decreases  and  the  speed  of  response 
for  examining  problems  decrease. 


TEST  CONTINUUM 


FIGURE  13  Test  Continuum 


The  testing  sequence  recommended  is  to  use  the  more  economical 
techniques  initially  and,  as  these  are  satisfied,  move  on  to  the 
more  extensive  procedures.  All  test  data  must  be  available  to 
the  assessment  teams. 

B.  PHYSICAL.  The  physical  characteristics  of  the  crew  system 
design  should  conform  to  well  known  and  well  documented  human 
engineering  principles.  Conformance  to  these  should  be  ascer¬ 
tained  by  examination  and  measurement  during  the  development. 
These  include  such  factors  as  workspace  layout,  shape  coding  of 
controls,  spring  force  in  switches,  "Throw"  of  a  switch,  spacing 
of  graduations  on  a  dial.  It  would  be  well  to  review  these  in 
the  final  design.  Undergraduate  training  in  such  degree  fields 
as  Engineering  Psychology,  Human  Engineering,  and  Industrial 
Engineering  should  provide  the  basic  skills  necessary  for  review 
in  harmony  with  standard  handbooks.  More  complex  issues  require 
a  specifically  structured  consideration,  the  most  challenging  of 
which  is  lighting  and  its  effects  upon  vision. 


73 


Some  of  the  physical  characteristics  of  the  cockpit  lend  them¬ 
selves  to  or  are  more  appropriately  considered  in  the  Performance 
Measurement  (e.q.,  crew  ingress/egross) . 

1.  COMPONENTS .  Reliance  is  placed  upon  contractor  supplied 
data.  For  each  component  or  subsystem  complete  data  is  to  be 
supplied  on  its  physical  and  functional  characteristics  including 
all  data  on  tests  performed  to  show  compliance  with  the  indivi¬ 
dual  equipment  speci f ica t ions .  This  must  include  size,  weight, 
power  requirements,  radiation  char acter istics ,  vibrational 
characteristics,  temperature  characteristics  and  human  factors 
characteristics. 

2.  WORKSPAC E .  Plots  of  Reach  and  Vision  zones  are  to  be 
developed  for  the  5th,  50th  and  95th  percentile  crew  members  on 
accurately  scaled  drawings  of  the  crew  stations.  The  plots  must 
include  a  plan  view  and  a  forward  looking  view  for  the  flight 
deck  and  the  crew  member  view  for  other  work  stations.  Ingress/ 
egress  is  to  be  demonstrated  by  5th  and  95th  percentile  crew 
members.  Evaluation  will  be  subjective. 

3.  CONTROL-DISPLAY  LAYOUT.  This  is  a  physical  measurement 
of  the  placement  of  each  control  and  each  display  element  to 
determine  degree  of  compliance  with  any  location  data  specified 
in  Section  IV. 

4.  VISIBILITY .  Plots  are  to  be  developed  of  tne  vision 
afforded  by  the  windows.  The  plots  are  to  be  in  degrees  with 
respect  to  a  longitudinal  axis  with  origin  at  the  eye  reference 
point  (Ref.  17)  (Ref.  13).  These  will  be  examined  to  determine 
compliance  with  criteria  specified  in  Section  IV. 

5.  SEATING .  (Ref.  14)  Must  be  adjustable  for  ingress/ 
egress,  including  emergency  egress,  and  adjustable  for  eye  ref¬ 
erence  point,  for  required  inside/outside  references  (to  be  made 
intuitively  obvious  to  the  crew  member);  accommodate  required 
reach  zones  without  readjustments;  provide  arm  rests  which  accom¬ 
modate  cruise  (straight  and  level)  piloting  tasks  with  or  without 
autopilot;  be  adjustable  in  four  4)  axes  (i.e.  fore/aft,  up/ 
down,  side/side  and  back  tilt);  firm  upper  leg  and  back  support 
which  enhances  comfort  and  reduces  inherent  fatigue  of  long  sit¬ 
ting  periods  (i.e.  10-15  hours);  have  resilient  support  with 
materials  that  "breathe"  as  opposed  to  plastic  like  materials 
which  cause  hot  spots  and  perspiration;  accommodate  restraint 
systems  without  discomfort;  allow  complete  mobility  for  piloting 
tasks  including  all  probable  flight  maneuvers  as  well  as  permit¬ 
ting  full  scan  through  all  available  viewing  areas;  enhance  com¬ 
munications  hookup  (i.e.  seat  involved  "hung  ups",  pinched  and 
tangled  head  set  cords);  accommodate  drinking  cups;  accommodate 

a  working/writing  surface  that  will  not  interfere  with  emergency 
access  to  flight  controls  and  will  not  interfere  with  any  flight 
control  movement;  accommodate  special  crew  equipment  (i.e. 
parachutes,  exposure  suits,  helmets,  etc.). 
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6.  NOISE.  This  will  be  performed  only  with  the  simulation 
and  flight  test  equipment.  Each  piece  of  equipment  in  the  crew 
area  is  to  be  turned  on  (to  its  normal  operating  mode) .  Before 
and  after  measurements  with  a  soundmeter  must  show  an  increase  of 
no  more  than  5db  of  combined  noise. 

7.  LIGHTING .  For  the  lighting  evaluation  it  is  essential 
that  a  Class  A  mockup  be  used  (see  page  86) .  All  light  sources 
must  be  presented  in  a  faithful  representation  of  the  production 
design.  The  mockup  is  to  be  used  in  a  room  where  all  external 
light  sources  can  be  controlled  from  total  darkness  up  to  a  level 
representative  of  high  ambient  sunlight.  With  ambient  at  total 
darkness  and  subjects  (examiners)  in  the  pilot  and  copilot  seats, 
the  lighting  controls  are  to  be  cycled  throughout  the  ranges  and 
combinations  available.  The  subjects  (examiners)  are  to  scan  for 
reflections  in  the  windows  and  windscreen  which  could  be  misin¬ 
terpreted  as  stars,  ground  lights  or  other  airborne  vehicles. 

All  such  reflections  are  to  be  identified  and  graphed  for  com¬ 
parison  with  the  criteria  stated  in  Section  IV.  (See  page  60, 
paragraph  16) 

With  the  ambient  totally  dark,  the  subjects  (examiners)  are  to 
adjust  comfortable  levels  for  the  prime  flight  instruments  and 
for  each  of  the  additional  controlled  groups  of  lights.  The  sub¬ 
jects  (examiners)  will  scan  for  too  bright  or  too  dim  indications 
and  for  lighting  color  variations. 

a.  NIGHT  LIGHTING.  Activate  selected  caution,  advisory  and 
warning  signals  during  lighting  inspection. 

Requiring  readout  by  the  crew  of  selected  display  information 
from  an  evaluation  checklist  assures  that  all  subjects  actually 
attempt  to  read  a  representative  cross  section  of  the  cockpit 
information  portrayed  and  do  not  simply  assess  information  as  too 
bright  or  too  dim.  The  inspection  should  also  involve  the  iden¬ 
tification  and  activation  of  controls  and  switches  to  evaluate 
the  adequacy  of  switch  and  panel  lighting.  Switches  and  controls 
in  locations  not  easily  reached  or  observed  are  of  particular 
interest.  Providing  oral  directions  for  setting  switches  and 
controls  with  a  follow  up  to  verify  the  correct  setting  were 
achieved  would  provide  a  test  of  the  adequacy  of  this  lighting. 

The  setting  of  communications  frequencies  and  navigation  data 
requires  reading  night  illuminated  numeric  displays  and  allows 
evaluation  of  data  I/O  using  night  lighted  control  devices. 
Evaluation  of  other  night  lighted  displays  particularly  of  the 
alphanumeric  type  and  any  associated  control,  mode,  change,  or 
data  entry  functions  would  also  be  desirable  as  a  means  of  draw¬ 
ing  attention  to  potential  defects  of  design,  layout,  or  function 
under  the  niqht  lighted  condition.  Assess  crew  performance  in 
achieving  predetermined  scenario  settings. 

When  evaluating  the  effect  of  reflections  from  the  windscreen, 
windows,  etc.,  small  lighted  real-world  visual  scenes  could  be 
used  external  to  the  cockpit  to  act  as  a  backdrop  for  evaluating 


the  seriousness  of  reflections.  Such  scenes  would  have  to  be 
moved  to  locations  behind  reflections  a  crew  member  considers 
objectionable.  By  varying  the  luminance  levels  in  the  scene,  be 
it  ground  terrain,  cities,  airports  or  star  fields  and  noting 
when  the  crew  member  considers  the  reflection  objectionable,  a 
relationship  between  real-world  observation  requirements  and  the 
lighting  mockup  conditions  could  be  established. 

b.  DAYLIGHT  LIGHTING.  Evaluation  of  daylight  cockpit 
lighting  is  appropriate  for  determining  how  shadows  cast  by  the 
cockpit  structure  influence  the  legibility  of  displayed  informa¬ 
tion  and  for  assessing  the  problems  encountered  when  the  sun  is 
positioned  so  that  it  acts  as  a  glare  source  reducing  display 
legibility.  The  design  effectiveness  of  window  shades,  glare 
shields,  sun  visors  or  any  other  light  blocking  devices  present 
in  the  cockpit  should  be  evaluated.  The  question  of  legibility 
arises  primarily  for  light  emitting  displays  such  as  signal 
annunciator  lights,  CRTs,  light  emissive  numeric  or  alphanumeric 
readouts,  but  should  also  be  evaluated  if  controllable  light 
reflecting  displays  are  present  due  to  the  potential  degrading 
influence  of  shadows  or  the  sun  as  a  glare  source.  Clearly  these 
displays  would  have  to,  as  a  minimum,  present  test  information 
formats  that  can  be  changed  as  a  function  of  time  to  assess  the 
crews  ability  to  correctly  read  them  and  to  provide  realistic 
crew  comments  on  their  subjective  legibility  and  the  adequacy  of 
the  high  end  of  the  luminance  setting  range. 

The  glare  source  used  to  replicate  the  sun  could  be  several  times 
the  size  of  the  sun,  but  would  have  to  provide  light  collimated 
to  simulate  a  distant  light  source  to  enable  an  adequate  eval¬ 
uation  of  the  shadows  and  possible  reflections  it  would  produce 
from  cockpit  surfaces  including  those  of  the  windows  and  wind¬ 
screen.  This  is  also  necessary  to  adequately  simulate  the  effect 
of  the  sun  as  a  glare  source  in  making  display  readings  difficult. 

Sources  having  translucent  surfaces  illuminated  to  10,000fL  and 
placed  adjacent  to  the  windows  of  the  cockpit  would  adequately 
represent  the  10,000fL  diffuse  surround  luminance  condition 
experienced  in  mist,  haze,  and  near  or  in  clouds. 

8.  STATIC  REVIEW.  The  crew  station (s)  will  be  inspected  by 
a  team  of  specialists  assembled  for  this  purpose.  This  review  is 
for  the  purpose  of  ascertaining  compliance  with  the  provisions  of 
the  AFSC  Design  Handbook  DH  2-2  {Ref.  17)  and  for  soliciting  the 
judgmental  expertise  assembled  in  the  Review  Team.  The  actual 
review  is  to  be  preceeded  by  a  briefing  on  the  design  rationale. 
All  comments/observations  of  the  Design  Review  Team  should  be 
submitted  in  writing. 

C.  PERFORMANCE  MEASUREMENT.  The  "proof  of  the  pudding"  is  fly¬ 
ing  the  real  thing  in  a  real  operation.  Performance  measurement 
is  to  view  the  proposed  cockpit  and  crew  station  design  in  the 
same  context  as  "proof  of  pudding"  tests.  Three  major  stages  are 
employed  -  MOCKUP,  SIMULATION  AND  FLIGHT  TEST.  Each,  within  the 
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limits  of  coic  and  capability  of  the  si  age,  is  to  be  a  complete 
representation  of  employment  of  the  system  in  a  realistic  manner. 
These  three  stages  differ  in  degree  of  realism  (fidelity  of  simu¬ 
lation)  and  in  cost,  proceeding  from  the  gross  (but  cheap)  Mockup 
through  the  more  realistic  (but  more  costly)  Simulation  and 
Flight  Test. 

In  each,  the  concern  is  tor  determination  (prediction)  of  the 
effectiveness  of  the  entire  complex  of  crew  and  equipment  when 
applied  against  the  mission  problem.  The  measurements  are 
intended  to  indicate  the  areas  of  weakness  or  deficiency  and  to 
give  some  values  for  use  in  redesign. 

The  three  stages  are  sequenced  in  time.  The  Mockup  occurs  first 
and  serves  as  a  cneck  upon  proposed  concepts  prior  to  committing 
extensive  funding  to  equipment  development  and  fabrication.  The 
Simulation  stage  is  based  upon  the  Mockup  experience  and  is  pur¬ 
sued  at  a  later  stage  in  the  system  development  when  data  is 
available  on  the  expected  hardware  performance  and  vehicle  dy¬ 
namics.  The  higher  degree  of  realism  in  simulation  testing  pro¬ 
vides  refined  data  on  performance  expectations,  pin  points  weak 
spots  and  provides  a  higher  confidence  level  in  the  decision  to 
progress  to  the  more  expensive  realism  of  flight  testing.  The 
Flight  Test  staye  can  be  pursued  in  a  flight  test  vehicle  such  as 
the  Total  In-Flight  Simulator  (TIFS)  or  in  a  prototype  of  the 
actual  vehicle.  With  the  authenticity  of  actual  equipment  oper¬ 
ating  in  the  airborne  environment  and  exercised  against  the  de¬ 
sign  scenario,  the  highest  degree  of  realism  is  achieved  short  of 
applying  actual  production  systems  in  real  world  situations.  The 
degree  of  confidence  in  the  design  and  in  decisions  to  proceed 
with  production  are  of  the  highest  caliber  when  supported  by 
Flight  Test, 

1.  DYNAMIC  REVIEW.  A  mockup  of  a  proposed  design  provides 
the  earliest  opportunity  to  view  the  potential  solution  in  a  sys¬ 
tem  context.  Gross  inadequacies  of  placement  and  relationships 
are  easily  discernable.  Initial  judgment  can  be  made  as  to  the 
suitability  of  the  design  when  considered  for  mission  applica¬ 
tion.  It  provides  an  opportunity  to  screen  out  gross  weakness 
at  a  relatively  low  cost  and  prior  to  committment  of  expensive 
fabrication  of  prototype  equipment. 

This  test  develops  the  time  dimension  of  the  mission  and  examines 
features  of  the  crew  interface  within  and  external  to  the  vehi¬ 
cle.  Prime  method  is  through  role  playing  by  subject  rrpws  and 
experimenters.  Using  sorties  extracted  from  the  Design  Scenario, 
(to  produce  an  Evaluation  Scenario)  flight  crews  are  to  engage  in 
a  role  playing  simulation  of  the  sortie,  sequencing  through  pre¬ 
flight,  the  sortie  "flight",  post  flight  debriefing,  post  flight 
questionnaires  and  post  flight  interviews.  The  scenario  to  be 
employed  in  the  Dynamic  Review  encompasses  all  types  of  mission 
tasks,  meteorological  conditions,  SKE  (station  keeping)  forma¬ 
tions,  instrument  approaches,  and  hostile  environmental  condi¬ 
tions  which  the  tanker  would  be  expected  to  encounter.  It  also 
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includes  multi-tanker  as  well  as  single-tanker  sorties.  The  sce¬ 
nario  is  divided  into  three  sorties.  It  is  described  in  detail 
in  Appendix  A.  Measurement  is  based  primarily  upon  observations 
by  the  experimenters,  the  use  of  questionnaires,  and  interview  by 
the  experimenters.  The  crew  activities  are  recorded  on  video 
tape  and  all  verbal  communication  is  tape  recorded  for  subsequent 
review  by  the  experimenters.  Preliminary  assessment  of  workload 
is  accomplished  by  means  of  having  the  crew  perform  time  estima¬ 
tions  as  secondary  tasks  while  flying  the  mission. 

a.  PROCEDURE.  Each  of  the  subject  crews  are  to  receive 
identical  treatment  starting  with  the  Initial  Briefing  and  pro¬ 
ceeding  through  Ground  School,  Preflight,  Flight,  Postflight  and 
Interview. 

Initial  Briefing.  There  is  a  need  to  explain  the  role  playing 
concept,  the  limitations  of  the  mockup  in  simulating  the  problem, 
the  general  objectives  of  the  experiment,  an  overview  of  the 
agenda,  expectations  of  the  subjects  and  convey  an  appreciation 
for  the  place  and  value  of  this  test  in  the  context  of  the  total 
program. 

Ground  School.  The  purpose  of  ground  school  is  to  acquaint  the 
crew  with  the  function  and  operation  of  the  equipment  which  they 
will  encounter  in  the  crew  stations.  They  are  to  be  given  dia¬ 
grams  showing  the  layout  and  position  of  every  display  and  con¬ 
trol.  A  specific  briefing  is  to  be  given  on  each  device  which 
is  new  or  which  differs  from  that  with  which  they  are  familiar. 
Information  sheets  and  diagrams  are  to  be  provided  for  each  of 
these  devices. 

The  crew  is  informed  that  the  only  way  it  can  reasonably  evaluate 
each  design  is  for  each  person  to  project  themselves  totally  into 
the  mission.  This  entails  imagining  that  they  are  involved  in  an 
actual  mission.  They  must  respond  to  and  make  necessary  communi¬ 
cations,  twist  knobs,  flip  switches,  monitor  instruments,  manipu¬ 
late  the  controls  and  in  general  act  and  conduct  themselves  as  if 
they  were  really  flying  a  mission.  Substantial  contribution  on 
their  part  is  necessary  since  there  is  no  functioning  simulation 
of  instruments  or  controls,  other  than  a  functional  communication 
system. 

Preflight.  This  should  be  conducted  by  an  experimenter  who  is 
thoroughly  familiar  with  such  real  life  events  and  should  appro¬ 
ximate  the  realism  of  preflight  briefings  normally  used  in  an 
operational  squadron.  The  particular  sortie  to  be  flown  is  one 
of  the  legs  from  the  Design  Scenario  (Appendix  A).  The  selection 
of  sorties  for  the  crews  and  the  sequencing  should  be  a  balanced 
experimental  design  as  in  Table  1. 

Flight.  The  crew  enters  the  mockup  and  proceeds  through  all  nor¬ 
mal  checklists,  procedures  and  communications  for  flying  the  sor¬ 
tie.  Although  switches,  knobs,  etc.,  may  not  function  the  crew 
member  must  touch  and  simulate  operation  in  order  to  evaluate 
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system  control  requirement  and  control  placement/location.  This 
process  o£  evaluation  enhances  subject  participation  in  role 
playing  which  in  turn  allows  subjects  to  evaluate  the  validity  of 
the  mission  scenario.  Experimenters  are  to  perform  role  playing 
functions  for  tower,  command  center,  other  aircraft  and  other 
radios  in  their  respective  role  playing  capacities. 

Time  durations  should  conform  to  the  mission  plan.  An  experi¬ 
menter/observer  is  to  be  in  the  cab  during  this  flight  for  the 
purpose  of  administering  timing  tasks  to  the  crew  members,  for 
assessing  workload  and  for  general  observation.  A  time  estima¬ 
tion  technique  is  used  for  one  indication  of  workload  (Ref.  45) 
(Ref.  46).  This  is  initiated  by  the  experimenter  in  the  cab  at 
the  times  indicated  in  the  scenario.  The  experimenter  also  is 
to  use  the  Experimenters  Workload  Assessment  Form  (Appendix  D) 
during  the  Flight. 

Postflight.  This  is  the  concluding  episode  for  role  playing  pur¬ 
poses  and  is  a  transition  into  a  questionnaire  phase.  Each  crew 
member  is  to  fill  out  a  questionnaire  (shown  in  Appendix  B) . 

Interview.  Each  crew  member  is  to  be  interviewed  to  elicit  com¬ 
ments,  criticisms,  suggestions  and  other  responses  with  regard  to 
his  personal  assessment  of  the  mission,  the  tasks,  working  rela¬ 
tionships,  crew  duties,  workload,  errors,  cautions,  concerns, 
crew  system  design  concepts  and  the  experimental  procedure. 

b.  SUBJECTS .  The  subjects  for  this  test  must  be  several 
complete  crews  from  operational  squadrons  of  SAC  who  are  cur¬ 
rently  assigned  to  the  KC-135  aircraft.  A  minimum  of  three 
crews  and  preferably  nine  crews  must  be  used  representing  low, 
medium  and  high  experience  levels. 

c.  EXPERIMENTER'S  SCRIPT.  The  Experimenter's  Script 
(see  glossary)  is  used  by  the  experimenters  to  "drive"  the 
experiment  and  to  assure  that  all  data  crews  are  exposed  to  the 
same  mission  situations  and  time  constraints.  In  actual  prac¬ 
tice,  the  experiments  must  also  respond  knowledgeably  to  com¬ 
munications  initiated  by  the  aircrew.  Thus  the  exper imenter (s) 
must  be  intimately  familiar  with  communication  within  the 
aircraft  environment  and  with  the  mission  to  be  flown.  In  addi¬ 
tion  to  the  "words"  to  drive  the  experiment,  staging  for  each 
particular  experiment  appears  with  the  script  along  the  time  line 
(e.g.,  initiate  engine  failure,  make  radar  blip  appear,  radio 
transmitter  weak  and  scratchy,  monitor  information  being  placed 
into  the  nav  management  system).  While  the  script  words  remain 
the  same  for  each  system  evaluated,  the  staging  will  change 
according  to  the  peculiarities  of  the  system.  The  Experimenter's 
Script  is  included  as  Appendix  C. 

d.  SUMMATION .  For  each  group  of  crews  on  location  for 
the  test,  the  final  activity  is  a  group  meeting  with  the  experi¬ 
menters.  Open  discussion  (questions,  comments)  is  to  be  devel¬ 
oped  for  the  exchange  of  views.  The  resolving  of  uncertainties 
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TABLE  1 


SUBJECT  SCHEDULING 


Crew 

Number 

1 

2 

3 

4 


Day'  i 

Run  Leg 

1  1 

2  3 

3  2 

1  1 

2  3 

3  2 

1  l 

2  3 

3  2 


Day  2 

Run  Leg 

3  3 

1  2 

2  1 

3  3 

1  2 

2  1 

3  3 

1  2 

2  1 


Day  3 

Run  Leg 

2  2 

3  1 

1  3 

2  2 

3  1 

1  3 

2  2 

3  1 

1  3 


i 

J 


and  tor  the  final  summation  of  each  crew  member's  opinion.  Each 
crew  member  is  to  fill  out  eight  questionnaire  sheets  (Appendix 
E)  summarizing  his  overall  reaction  to  the  proposed  design. 

D.  EQUIPMENT.  Test  techniques  can  run  the  gamut  from  paper  and 
pencil  tests  and  interviews  to  full  blown  flight  test  programs. 
Consequently  the  equipment  to  be  employed  could  encompass  vir¬ 
tually  every  known  measuring  device.  In  the  discussion  of  equip¬ 
ment,  only  the  unique  and  highly  specialized  needs  will  be 
addressed . 

1.  MOCKUPS .  A  full  scale  mockup  of  the  crew  areas  is  a 
prime  requirement  for  early  viewing  of  interactive  factors  of 
the  design  concept.  As  the  design  process  progresses  more 
detailed  examinations  can  be  effected  but  the  demands  upon  the 
accuracy,  fidelity  and  completeness  of  the  mockup  change. 
Consequently  three  categories  of  mockups  are  defined  to  provide 
for  these  differing  requirements.  These  are  defined  as  follows: 

Class  A  -  The  highest  degree  of  accuracy  and  fidelity  is  embodied 
in  this  class.  All  dimensions  are  accurate  to  +  0.1".  The  wind¬ 
screen,  windows,  canopies  or  other  transparencies  are  either  the 
actual  final  design  or  are  fabricated  of  the  actual  material  to 
the  actual  dimensions.  They  must  have  the  identical  characteris¬ 
tics  of  transmission,  reflection  and  distortion.  All  control  or 
input  elements  movable  in  the  final  design  must  have  the  movement 
faithfully  represented  (control  wheel,  rudder  pedals,  switches, 
knobs,  levers,  etc.}. 

Surface  texture,  reflectance,  color  must  accurately  reflect  the 
intended  production  character istics.  The  total  lighting  system 
must  be  included  to  permit  the  full  spectrum  of  capabilities  tc 
be  demonstrated.  The  communications  system,  as  perceived  bv  the 
crew,  must  be  a  faithful  representation  of  the  final  design.  In 
so  far  as  is  practicaole  the  actual  equipment  is  to  be  used  (e.g. 
seats,  charts,  throttles,  rudder  pedals,  etc.). 

The  crew  station  must  be  complete  with  walls  and  closures  so  as 
to  permit  control  of  ambient  light  and  sound. 

Class  3  -  A  medium  degree  of  fidelity  is  considered  appropriate. 
Structural  dimensions  should  be  accurate  to  +  0.5"  and  component 
placement;  accurate  to  +  0.25".  The  communications  system  must 
.simulate  correctly  the  operational  concept.  Windows  and  canopy 
structure  should  he  represented  but  substitute  materials  may  be 
used.  Three  dimensional  aspects  of  control  devices  and  display 
devices  should  be  represented  by  any  suitable  medium.  Instrument 
faces  and  placards  may  be  drawings  or  pictures. 

Class  C  -  The  simplest  with  the  minimum  degree  of  fidelity  its 
generally  approximations  of  structure  and  surfaces  with  inexpen¬ 
sive  material.  The  mocxup  may  be  fabricated  of  inexpensive 
material  (e.g.,  foam  core,  cardboard,  plywood).  All  surfaces. 
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window;;,  famishing,  console.1; ,  controls,  display  panels,  instru¬ 
ment  ;  which  are  to  be  used  or  viewed  by  the  crew  are  to  be  repre¬ 
sented  .  Pictorial  '  o  .  y  .  ,  pr.oto  ctii,  picture,  line  drawing) 
t epresentat ion  of  instruments,  placards ,  knobs,  switches,  annun¬ 
ciators  will  suffice.  Control  wr.ee  1  s ,  sticKS,  throttles,  pedals 
mist  be  represented  in  their  true  three  dimensional  configura¬ 
tions..  Overall  compartment  dimensions  and  the  location  and  sizes 
o:  windows,  surfaces,  doors,  furnishings  must  be  accurate  to  + 

1  .  •!  i  non .  Control  devices  (switches,  knobs ,  etc.)  instruments, 
placards  must  re  dimensionally  accurate  ,n  area  coverage  ana 
iOC  -it  ion  to  +  1/4  inch.  The  communication  systems  must  be  f  unc- 
t; anally  simulated  (i.e.,  the  intercom  must  operate  and  radio 
•communication  must  be  faithfully  simulated  to  the  crew  by  use  of 
: ole  playing  positions  external  to  the  mock up) .  External  to  the 
mock up  there  must  be  provision  for  role  playing  experimenters 
representing  communication  stations  as  tower,  command  center, 
o  t : .  e r  aircraft,  etc. 

2.  S IMULATOK .  Pull  mission  simulation  is  a  goal.  Full 
scale  representation  of  the  crew  areas  and  equipment  is  neces- 
c a v ; .  This  could  be  accomplished  by  upgrading  of  the  mock up  if 
su i table  basic  design  md  construction  has  been  employed.  Geo- 
r.ftr  ic  relations  and  structural  dimensions  must  be  accurate  to 
y  1 .  5  i  n  c  h  e  s  . 

Aii  equipment  ( inoicator s ,  switenes,  controls,  annunciators, 

.1  : .eats,  etc.,  must  be  functional  as  perceived  oy  the 
ervw.  Internal  operation  of  the  subsystems  can  be  through  simu¬ 
lation  (as  opposed  to  coupling  in  operational  equipment).  Simu¬ 
lation  of  real  world  visual  ch  racteristics  is  necessary;  motion 
■>i  tne  can  is  not  necessary.  The  equations  of  motion  are  to  be 
those  predicted  for  the  vehicle  (or  the  actual  equations  if  the 
vesicle  exists) . 

T  E STS 

i.  WORKijpAO .  A  major  concern  is  the  demands  made  upon  the 
i  :  >.:v»  .  There  is  a  need  to  Know  if  their  mission  performance  will 
icit.'d  because  there  is  more  to  do  than  they  can  handle. 

Veer-,  is  also  a  concern  for  emergency  conditions.  If  degraded 
mode  causes  an  increase  in  workload  beyond  their  capability  to 
respond,  the  results  could  be  catastrophic.  Direct  measurement 
is  not  a  viable  option  (a  state  of  the  art  limitation  at  this 
firm)  .  The  alternatives  to  be  employed  are:  the  use  of  ques¬ 
tionnaires  for  subjective  data;  the  observation  by  the  experimen¬ 
ters  and  the  use  of  secondary  tasks  for  indirect  measurement. 

Tne  use  of  a  secondary  task  is  based  upon  the  concept  that  an 
increase  in  the  mental  effort  required  to  perform  the  primary 
tusk  will  produce  a  decrement  in  performance  on  the  secondary 
task  but  no  decrement  in  performance  of  the  primary  task  (flying 
tne  mission) .  The  secondary  task  is  designed  to  permit  measure¬ 
ment  of  performance  and  to  be  as  non- i nt r us  1 ve  as  possible. 

Deter i orating  performance  on  the  secondary  task  is  an  indication 
that  the  primary  task  is  demanding  more  attention.  The  secondai y 
task  which  is  to  be  used  is  a  Time  Estimation  technique  (Ref.  46) . 
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tes  will  he  taken  pr  ior  to  each  collection  session.  T:.-..-  estimu 
to  ,jKen  during  the  data  collection  days  will  he  tine,:  ‘or  data 
analysis.  ‘I’he  time  w.t  it  at.  ion  ?:  rctduros  will  he  the  u.u.t.c  'in 
both  cases  wita  the  exception  that  tr.o  baseline  estimates  Will 


taken  without  a  concurrent  nr imarv  task. 


The  time  estimation  procedures  are  as  follows:  Vs-~  roc<p.: 
(inside)  experimenter  will  turn  on  an  auditory  tone  -.sc:  .  .  • .  .  . 
red  indicator  light  which  signals  each  pilot  to  boo.r.  s • 

They  do  this  by  pressing  a  response  <  ev ,  and  terminate  rr.--.: 
estimates  by  pressing  the  key  a  second  time.  Tr.e  auditory  • 
is  only  a  momentary  signal  to  augment  the  flashing  r--d  ,.  i 
which  remains  functioning  until  the  timing  task  is  terrmat-  ■; 
the  subject  crew  member.  The  pilot’s  response  key  will  lo¬ 
cated  on  the  left  hand  side  o:  the  yoke ;  the  copilot’s  v, .  1 

be  located  on  the  right  hand  side  of  the  yoke.  These  keys 
start  and  stop  their  respective  reaction  timers  located  .s*.  -h<- 
inside  experimenter's  scat  ion. .  The  experimenter  will  record  r 
pilot's  and  copilot's  estimate  and  reset  the  timers  for  tr.e  ne 
trial. 


b.  QUESTIONNAIRE .  Stress  tolerance  (or  wor  %  capacity, 
is  quite  variable  throughout  the  population.  One  reason,  for  th-r 
selections  of  crews  with  a  gamut  of  experience,  and  for  the  num¬ 
bers  on  the  scale  is  to  provide  an  adequate  sample  of  the  ranges 
of  stress  tolerance  to  be  expected  in  the  operational  environ¬ 
ment.  Each  person  can,  to  some  decree,  provide  information  on 
the  degree  of  stress  he  experienced  and  its  relationship  to  his 
maximum  tolerance.  Questionnaires  are  used  to  elicit  this  i~ for¬ 
mation.  The  confidence  level  to  be  placed  upon  these  is  directly 
reiatable  to  the  sophistication  of  the  experiment.  With  a  low 
fidelity  rnockup  that  data  is  indicative,  while  inflight 
experience  is  highly  crediole. 

Each  crew  member  is  to  be  given  a  questionnaire  (Appendix  V.) 
following  each  "flight".  The  same  questionnaire  is  to  be-  used 
for  Mockup,  Simulation  and  Flight  Test. 

c.  OBSERVATION .  In  the  realm  of  subjective  evaluation 
is  the  observation  of  crew  behavior  by  the  experimenters.  The 
background  experience  and  training  of  the  experimenters  is  the 
basis  for  credibility  in  their  judgment  of  degree  of  stress  being 
experienced  and  the  factors  which  precipitate  overload.  Their 
ob.se  r  va  t  ions  have  higher  objective  credibility  than  the  self 
assessment  of  a  crew  member.  They  are  based  chiefly  or.  o:  .server, 
behavior  and  cannot  include  any  of  the  internalized  factors 
included  in  self  assessment. 

Each  experimenter  is  to  be  given  a  questionnaire  (Appendix  E)  : or 
each  "flight".  The  same  questionnaire  is  to  be  used  for  Mockup, 
Simulation  and  Flight  Test.  Experimenter  should  key  in  antici¬ 
pated  highs  where  a  numerical  rating  of  each  crew  member  should 
he  observed. 
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SECTION  Vi 


ASSESSMENT 


Assessment  n  the  estimating  or  judging  of  character  and  val¬ 
ue.  Validation  is  official  sanction,  confirmation  or  approval. 

This  section  addresses  the  process  by  whicn  assessment  is 
effected  and  validation  established. 

Determination  of  the  suitability  and  acceptabil i ty  of  a  spe¬ 
cific  crew  system  design  cannot  be  done  by  some  simple,  direct 
measurement.  Batteries  of  tests  are  used  to  determine  compliance 
with  explicitly  stated  criteria,  standards  or  specifications. 

They  elicit  data  about  characteristics  and  performance.  Although 
they  may  be  extensive,  comprehensive  and  expensive,  they  are  not 
the  final  word.  Decisions  must  involve  human  judgment. 

There  is  a  high  probability  that  all  sigficant  variables  have 
NOT  been  identified,  character i zed  and  measured. 

rir.al  determination  of  the  Yes/No  question  is,  as  always,  a 
judgment .  It  is  uie  role  of  management  to  effect  the  judgment 
and  it  is  a  role  of  researchers,  developers  and  scientists  to 
give  credible  data  and  confidence  through  testing  programs  and 
through  procedures  to  augment  the  incompleteness  or  inadequacies 
of  testing  programs.  Section  VI  addresses  these  procedures. 

A.  GENERAL .  Tests  are  methods  for  measuring  specific  character¬ 
istics.  When  used  with  criteria  or  standards  (i.e.,  specifica¬ 
tions)  they  provide  a  screening  process  for  identifying  unaccept¬ 
able  features.  However,  there  is  no  assurance,  when  applying  a 
battery  of  tests,  that  every  significant  variable  has  been  iden- 
r i f ; ed  and  measured.  xn  a  system  as  complex  as  crew  systems  you 
Can  be  sure  that  this  is  the  case. 

A  desi:  able-  alternative  to  the  individual  measurements  is  one, 
all  encompassing  technique ,  a  measurement  protocol  that  will  con¬ 
solidate  all  variables,  Known  and  unknown.  No  such  meter  or 
gauge  exists.  The  only  "ail  encompassing"  evaluation  is  that 
provided  by  the  operators  while  performing  the  actual  missions. 

Pi  lots/crew  can  be  viewed  as  an  ultimate  measuring  device  for 
performance.  They  experience  ail  of  the  meaningful  variables 
(Known  and  unknown;  and  m  proper  context  during  the  mission. 

There  are  several  difficulties  in.  getting  and  correlating  the 
judgments  of  the  crews  which  can  be  compared  to  the  problems 
of  calibrating  and  reading  an  instrument.  The  Cooper-Harper 
rating  scale,  whicn  is  well  Known  through  the  aero  industry  is 
an  approach  to  this  problem  for  purposes  of  judging  handling 
qualities.  It  permits  the  organizing  and  collating  of  many 
opinions  in  a  semi -quant i tat i ve  manner.  It  permits  arbitrary 
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judgment  by  an  individual  but  provides  a  standardized  descriptive- 
scale  to  aid  in  conveying  an  appreciation  of  the  depth  or  degree 
or  intensity  of  his  thoughts.  It  capitalizes  upon  the  experience 
level  ot  the  individual. 

Assessment  should  take  into  account  the  reams  of  measured  data 
and  the  subjective  opinions  of  the  participating  crews  and  should 
do  so  according  to  a  process  which  permits  replication  and 
assures  credibility. 

Consideration  in  an  overall  assessment  must  be  given  to  the  hard¬ 
ware/physical  properties,  which  are  not  responsive  to  crew  judg¬ 
ment,  as  well  as  to  the  performance  properties.  For  example: 
Survivability  is  dependent  upon  having  the  right  information 
and  control  capabilities,  a  performance  property.  It  is  also 
dependent  upon  having  reliable  equipment,  a  physical  property. 

3.  ASSESSMENT .  A  conclusion  about  the  suitability  of  a  crew 
system  design  for  this  vehicle  must  include  consideration  of  many 
factors.  These  include  Mission  Performance,  Degraded  Mode  Per¬ 
formance,  Efficiency,  Effectiveness,  Survivability,  Reliability, 
Durability,  Maintenance,  Pr oducabi 1 i ty ,  Cost  Effectiveness, 
Training,  Maintainability. 

These  factor.,  can  no  grouped  into  Performance  Assessment  and 
Pnysical  Assessment.  m.  both  instances  the  ODjective  is  to  use  a 
systematic  process  for  acquiring  and  merging  the  judgments  of  the 
Evaluation  Teams. 

1.  PERFORMANCE.  Performance  assessment  is  accomplished  by 
two  groups  or  individuals,  the  subject  crews  and  the  experimen¬ 
ters.  Both  ire  specifically  concerned  and  deeply  involved  n 
performance  of  the  system  but  they  have  vastly  different  back¬ 
grounds  and  expertise  which  can  greatly  enrich  the  assessment 
process.  The  crew  subjects  represent  a  cross  section  of  the 
operational  community  who  will  be  using  the  vehicle.  The  experi¬ 
menters  have  a  breadth  of  experience  across  many  missions  and 
programs . 

This  assessment  is  to  be  accomplished  for  the  Mockup  Reviews,  the 
Simulator  Test  and  the  Flight  Test.  Each  subject  crew  member  is 
to  provide  a  personal  assessment  in  each  of  four  areas  -  MISSION 
EFFECTIVENESS,  WORKLOAD,  EMERGENCY,  CREW  ACCOMMODATION.  The 
Mission  area  is  further  divided  into  five  specific  portions  - 
TAKEOFF,  ENROUTE,  REFUELING,  CARGO  DELIVERY  AND  LANDING. 

The  subject  crew  member's  assessment  is  his  final  contribution  in 
the  routine  of  the  test.  Each  subject  should  have  the  opportu¬ 
nity  to  "digest"  the  experience,  participate  in  post  experiment 
dobr icf ings ,  interviews  and  discussions  as  an  aide  to  formulating 
his  individual  reactions.  Each  subject  is  to  present  his  assess¬ 
ments,  no  later  than  two  days  after  his  par t icipa t ion ,  using  the 
Performance  Assessment  Forms  (Appendix  E)  . 


The  experimenters  assessment  is  to  be  accomplished  only  after  all 
subjects  have  been  run  and  the  experiment  concluded.  It  is  to 
reflect  their  individual  judqments  based  upon  their  experience 
and  their  observations  during  the  experiment.  The  same  forms 
(Appendix  E)  are  to  be  used. 

2.  PHYSICAL.  Physical  assessment  is  to  be  accomplished  by  a 
team  of  specialists  to  be  designated  for  this  task.  This  team 
must  include  one  representative  for  each  of  the  following  areas: 
Logistics,  Maintenance,  Avionics,  Training,  Flight  Control, 
Behavioral  Science,  Life  Support,  Lighting,  Electronic  Warfare, 
Computer  Science,  Control/Display. 

This  team  will  require  a  substantial  amount  of  time  and  support 
in  order  to  render  a  credible  judgment.  They  must  be:  briefed 
on  the  equipment  design  and  the  rationale  for  the  design;  provided 
data  on  tests  performed  to  determine  compliance;  and  provided  the 
opportunity  to  examine  the  equipment. 

A  preliminary  assessment  is  to  be  accomplished  at  the  time  of 
the  Simulation  experiment  and  an  assessment  is  to  be  correlated 
with  the  Flight  Test  program  and  as  soon  after  finalization  of 
equipment  as  possible. 

Each  member  of  the  team  is  to  render  an  assessment,  using  the 
Physical  Assessment  Forms  (Appendix  F) . 

C .  RATINGS. 

1.  GENERAL.  Any  evidence  of  conflict  in  crew  activities 
(competition  for  a  control  head,  incompatible  commands  or  control 
actions)  is  a  basis  for  immediate  disqualification  of  the  design. 
This  is  a  condition  1  (RED)  rating.  (Testing  may  not  progress  to 
levels  two  or  three  until  the  deficiency  is  corrected.)  Any 
errors  in  any  crewman's  performance  which  could  precipitate  an 
accident  or  failure  of  the  mission  is  also  a  condition  1  failure. 
Any  portion  of  the  flight  which  shows  high  workload  on  a  crewman 
while  simultaneously  permitting  a  low  workload  on  any  other  crew 
member  is  a  condition  2  (AMBER)  rating. 

2.  PERFORMANCE.  Judgments  have  been  made  by  each  crew 
member  and  by  experimenters  on  the  system  during  various  tasks 
and  flight  phases.  These  judgments  have  been  recorded  on  Per¬ 
formance  Assessment  Forms  (Appendix  E)  which  provide  a  numerical 
value  for  the  judgment  made.  These  numerical  values  provide  for 
the  statistical  summation  of  the  collective  judgments.  A  mean 
value  of  1,  2,  or  3  must  be  considered  a  Condition  1  (RED) 
rating.  A  mean  value  of  4,  5,  6,  or  7  must  be  considered  a 
Condition  2  (AMBER)  rating.  Mean  values  of  8,  9,  or  10  can  be 
considered  a  Condition  3  (GREEN)  rating. 

3.  PHYSICAL.  Judgments  have  been  made  by  each  team  member 
on  one  or  more  areas  of  concern.  These  judgments  have  been 
recorded  on  Physical  Assessment  Forms  (Appendix  F)  which  provide 
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a  numerical  value  for  the  judgment  made.  These  numerical  values 
provide  for  the  statistical  examination  of  the  collective  judg¬ 
ments.  The  mean  value  is  the  basis  for  establishing  a  rating.  A 
mean  value  of  1,  2,  or  3  must  be  considered  a  Condition  1  (RED) 
rating.  A  mean  value  of  4,  5,  6,  or  7  must  be  considered  a 
Condition  2  (AMBER)  rating.  A  mean  value  of  8,  9,  or  10  may  be 
considered  a  Condition  3  (GREEN)  rating. 
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APPENDIX  A 

DESIGN  SCENARIO 

An  overview  of  the  design  scenario  is  depicted  in  Figure  A-l, 
bbon-in-the-Sky "  . 


RIBBON- IN-THE-SKY 


LORING  TO  U.K.  FIGHTER  DEPLOYMENT  SUPPORT 

(LEG  1) 


The  3905  Strategic  Aerial  Refueling  Wing,  Loring  AFB  has  been 
alerted  for  a  Coronet  mission  to  support  an  increased  readiness 
posture  in  Europe.  A  deployment  frag  is  dispatched  which  directs 
a  five  ship  tanker  force  from  Loring  AFB  to  support  an  A- 7  unit 
deployment  from  McGuire  AFB  to  RAF  Wittering.  Proposed  launch 
time  is  11007  which  is  three  hours  from  now.  The  mission  is 
identified  as  Coronet  Eagle. 

Eagle  Tanker  crews  attend  the  deployment  mission  briefing  which 
covers  crew  and  aircraft  assignment,  spares,  fuel  loads  (160,000 
pounds),  parking  spots,  navigation  routing,  procedures  for  mar¬ 
shalling,  departure,  formation,  join-up,  cruise,  rendezvous,  re¬ 
fueling,  and  recovery.  Status  of  tanker  force  is  identified  as 
preflighted,  but  not  cocked.  Airborne  command  post  (call  sign. 
Head  Dancer) ,  Duckbutt^,  weather  and  alternate  recovery  proce¬ 
dures  are  also  detailed.  An  intelligence  briefing  outlining  the 
European  political  instability  and  prognosis  of  deterioration 
completes  the  mission  briefing.  Eagle  crews  receive  mission 
kits,  obtain  a  time  hack  and  disburse  to  complete  individual  nav 
planning  and  pre-departure  tasks.  The  following  scenario  des¬ 
cribes  the  activities  of  the  crew  in  the  #2  siiip  (call  sign,  Esso 
2)  of  the  five  ship  cell  (Esso  Lead  through  5)  who  are  supporting 
the  Coronet  Eagle  deployment  of  12  A-7  receivers  (call  sign, 

Hotel  Sierra  1-12).  Esso  Lead  and  2  will  deploy  to  Mildenhall, 
while  the  other  three  tankers  return  to  Loring  after  offloading 
fuel  to  the  receivers. 

Prior  to  departing  the  briefing  area,  Esso  Lead  pilot  conducts  a 
pre-mission  briefing  with  other  cell  aircrews  covering  communi¬ 
cations,  taxi,  takeoff,  climb,  level  off,  join-up,  formation 
tactics,  offloads,  and  ARCTs  -  41)  1200Z,  #2)  15177,,  Ml  1504  7  , 

«f  4)  1645Z.  Weather  and  emergency  procedures  are  also  covei  od . 

The  boom  operator  departs  to  coordinate  for  inflight  meals  while 
the  pilots  review  and  complete  flight  planning  forms,  charts  .uhi 
maps.  Subsequently,  the  crew  of  Esso  2  loads  all  required  equip¬ 
ment  on  the  crew  bus  and  departs  base  ops  at  09352.  At  09407, 
the  Coronet  tanker  crews  arrive'  at  their  respective  aircratt  tor 
pro  I  light  and  :  inal  crew  briefings.  Taxi  out  is  routine.  Esso  2 
experiences  w  iter  failure  on  takeoff,  aborts,  returns  to  the  ham¬ 
mer  head  to  check  the  system,  resets  circuit  breaker  and  completes 
satisfactory  check  out. 

The  remainder  of  the  formation  departs  on  schedule  and  Esso  2 
departs  15  minutes  behind  the  leader.  A  routine  IMC  departure 
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carrying  rescue /su rvivul 


is  made  with  weather  at  200'  and  1/2  mile.  Alter  airborne  a 
change  of  flight  plan  is  requested  to  shorten  the  route  so  as 
to  rendezvous  with  the  tinker  cell  over  the  ARCP  at  Halifax  (Yh::i 
at  1152Z  prior  to  the  scheduled  rendezvous  with  the  receiver.;. 
During  level  off  at  FL290  the  aileron  axis  of  the  autopilot  1  j ;  1 
and  cannot  be  revived.  Due  to  their  late  departure,  Esso  2  joins 
the  cell  in  the  Esso  5  position  and  assumes  the  call  sign  of  Esso 
5.  During  tanker  join-up  at  Halifax,  Esso  5  experiences  a  gener¬ 
ator  failure  which  is  resolved.  During  A/R  #1,  Esso  Lead  and  5 
refueling  systems  are  checked  by  providing  a  token  offload. 

After  the  non-deploying  tankers  have  twice  refueled  the  fighters, 
they  return  to  Loring  and  Esso  5  moves  into  the  #2  position. 

Esso  Lead's  radar  becomes  inoperative  so  Esso  2  assumes  respon¬ 
sibility  for  formation  station-keeping  and  weather  avoidance 
through  an  extended  area  where  numerous  diversions  around  weather 
cells  are  required.  At  30*  West,  halfway  across  the  Atlantic,  a 
third  A/R  is  accomplished  except  for  Hotel  Sierra  12.  After 
several  unsuccessful  attempts  to  refuel  and  tow,  Hotel  Sierra  12, 
accompanied  by  Hotel  Sierra  11,  heads  for  the  closest  landfall/ 
airport  -  Shannon,  Ireland  with  a  projected  flame  out  40  miles 
short  of  the  airfield.  Esso  2  coordinates  *-he  problem  with  Head 
Dancer  and  Air  Rescue  Service  and  proceeds  with  the  remainder  of 
the  Coronet  Eagle  contingent  to  the  U.K.  The  fighters  top  off 
near  Lands  End  and  subsequently  break  away  from  the  tanker  cell 
to  recover  at  RAF  Wittering.  The  disabled  receiver  and  escort 
are  assisted  to  Shannon  by  Head  Dancer  and  Duckbutt.  Esso  2 
accomplished  a  minimum  weather  recovery  at  RAF  Mildenhall  at 
1820Z. 
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.■t  ’  *u  -.  r  t  ;  v  a  .  j  t  :\/-.;  .4  i  x  d  r.  n  a  x  1  ,  the  Kd  — _i.3‘_>  n  ow  .’.a.-.  .  'or;.o  ..  ■;  ■  ■  , 

mom  cl  ow  r l  mi  r  e  r.ow  on  alert  ir.  the  alert  i  ac i:  v  . 

N...nror  war  appear;:  -rinont.  The  following  is  a  mission  .m  - 
n.ur  10  for  KC- 1 3 5 A ,  cull  sign  Filip  66.  The  mission  kit  snow." 

■-/.is  :  rc.-.i:  r  as  r.m.cer  2  in  a  two  ship  cell  of  KC-135.;.  Tt 

:ssoo::  w.i  .  ;  e  :  :  or  RAF  Miidenr.ail  to  a  rendezvous  warn  two 
B-32s  com i r.g  easterly  iron,  the  L'n.ted  States.  The  rendozvou.. 
point  is  in  a  nigh  latitude  area  at  N73  •  00'  WC01  *  00'. 
w .11  he  0  1  . 

2 no  :  uel  ot  i  .oaa  will  no  130,000  pounds  per  each.  KC-135  wi  ..  a 
recovery  in  northern  Norway.  The  lean  KC-135,  Filip  61,  will  :.o 
responsiole  for  the  navigation  and  communication  enrojtc-.  Fi.ic 
66  will  follow  in  formation  and  maintain  his  relative  pos i t : or. 
(station  seeping)  from  the  lead  aircraft.  The  crew  will  navigate 
and  monitor  communications  as  a  backup.  The  crew  has  studied  me 
mission  and  completed  the  necessary  flight  planning.  The  air¬ 
craft  is  cocked.  Tne  proposed  flight  plan  and  the  aircraft's 
neading  and  relative  position  on  the  alert  pad  have  beer,  stored 
in  the  navigation  system;  however,  the  INS  gyros  are  not  aliened. 

As  an  overview  to  this  portion  of  the  mission  scenario,  hostili¬ 
ties  have  broken  out  between  Communist  block  countries  and 
rriendlv  nations.  As  a  result,  the  SAC  alert  force  lias  launched 
and  is  proceeding  toward  target  areas.  The  two  ship  cell  of 
KC-L35s  depart  RAF  Mildenhail  at  2200Z,  nighttime,  with  a  3,000 
foot  ceiling  and  7  nautical  miles  visibility.  They  climb  to 
FL290  and  FL295  respectively,  and  proceed  in  IMC  conditions  : y 
normal  navigation  and  station  keeping  procedures  direct  tc  «r. 
ovorwater,  high  latitude  rendezvous  with  their  two  B-52s  receiv¬ 
ers.  Approximately  four  hundred  miles  prior  to  the  ARCP,  the 
lead  KC-135  experiences  an  uncontrollable  engine  fire.  That 
aircraft  leaves  the  formation  and  sets  course  toward  an  emergency 
recovery  case,  while  Filip  66  proceeds.  When  approaching  r.s 
ARC?,  several  severe  thunderstorms  with  tops  estimated  at.  uoovo 
FL400  are  detected  m  the  planned  refueling  track  by  Filip  66  ar.d 
t  he  two  3-52  receivers.  Bozo  21  and  Bozo  24.  A  new  refueling 
tick  clear  of  the  thunderstorms  is  plotted  and  coordinated 
tween  aircraft.  Authentications  are  completed  and  a  divers;  nr. 
i  ;  made  to  the  now  refueling  track.  A  point  parallel  renoorw,..: 
is  completed.  Filip  66  refuels  both  Bozo  21  and  24,  since  t  he 
other  tanker  was  not  available.  Filip  66,  with  only  emergency 
fuel,  recovers  at  the  nearest  airfield,  Bodo.  Norway.  Ground 
navigation  aids  have  been  shut  down  or  jammed  so  an  airborne 
radar  approach  (ARA)  is  made  with  only  enough  fuel  for  one 

approach.  The  weather  at  Bodo  is  a  400  foot  ceiling  and  1  r..;  .- 

tical  mile  visibility  in  nighttime  conditions.  This  leg  o;  tne 
mission  is  further  complicated  by  a  stabilizer  trim  fail  are-  on 

departure,  the  tankers  rendezvous  beacon  being  inoperative,  sr.om 

and  fumes  from  the  air  conditioning  system  being  detected  during 
the  aerial  refueling  of  the  B-52s  and  two  engines  flam  mu  out 
from  I uel  starvation  on  final  approach  prior  to  a  success: ui 
recovery  at  Bodo,  Norway. 
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BODO  CONTINGENCY  MISSION 
(LEG  3) 


The  KC-125  has  been  towed  oft  the  taxiway  at  Dodo,  maintenance 
discrepancies  have  been  corrected,  and  it  has  been  refueled  with 
120,000  pounds  of  fuel.  A  thru-flight  inspection  has  been  per¬ 
formed  by  the  crew  chief.  The  pilots  proceeded  to  operations 
where  they  contacted  their  operation  center  through  NATO  land 
line  communications.  They  reported  Filip  61's  emergency,  his 
unknown  disposition  and  the  amount  of  fuel  offloaded  to  each  of 
Bo so  21  and  24.  They  were  directed  by  their  operation  center  to 
relaunch  as  Lead  in  a  two  ship  cell  with  Taco  33,  another  KC-135 
which  recovered  at  Bodo.  Taco  33  has  an  inoperative  navigation 
management  system,  but  an  operable  radar.  They  are  to  proceed  to 
an  anchor  point  over  the  Baltic  Sea  at  N58‘40",  E19'4G"  to  refuel 
multiple  flights  of  fighters  striking  targets  in  Western  Eurasia. 
The  air  refueling  control  time  (ARCT)  is  0845Z.  The  tankers' 
altitudes  in  the  anchor  will  be  FL290  and  FL300.  The  receivers 
will  be  authenticated  and  vectored  by  GCI  Control.  Filip  66  and 
Taco  33  are  to  remain  in  the  refueling  track  until  they  have  only 
enougn  fuel  remaining  to  safely  recover  at  Aalborg  Royal  Danish 
Air  Force  Base,  Denmark. 

Tne  crew  obtains  an  intelligence  briefing  from  NATO  Ops.  NATO  is 
involved  in  a  limited  hostilities  with  the  Soviet  bloc*  nations. 
Aircraft  are  operating  on  tactical  clearances  without  air  traffic 
control  clearances.  Some  control  towers  and  military  radars  are 
operating.  Most  navigation  aids  are  operational  and  jamming  and 
interference  is  taxing  place  on  all  communication  radios.  Nu¬ 
clear  detonations  are  possible.  Crew  are  advised  to  wear  gold 
goggles.  Enemy  fighter  aircraft  have  been  reported  infringing 
upon  free  airspace  from  both  ground  bases  and  aircraft  carriers. 

Mission  and  crew  briefings  are  completed.  The  ere’,  inserts  the 
proposed  flight  plan  into  the  nav  management  system.  The  INS 
systems  are  aligned  prior  to  taxiing.  As  Lead,  Filip  66  maxes  a 
two  ship,  day,  IMC  departure  with  ceiling  at  4C0  feet  and  visi¬ 
bility  at  1  mile.  The  aircraft  climb  to  FL290  and  FL295  respec¬ 
tively,  and  proceed  to  the  anchor  point,  where  the  pattern  is 
established  prior  to  the  control  time.  Taco  33  climbs  to  FL30C. 
Enroute  to  the  ARC?,  an  electrical  system  malfunction  occurs  and 
subsequently  the  pilot's  nav  management  system  control/d ispl ay 
unit  (CDU)  becomes  inoperative,  requiring  all  further  navigation 
interface  to  be  conducted  through  the  copilot's  CDU.  GCI 
assistance  is  not  available  until  after  the  aircraft  are  in  the 
anchor . 

GCI  vectors  numerous  F-15,  F-16,  A-7,  and  F-4  aircraft,  forma¬ 
tions  and  single  ships,  in  for  refueling  from  both  tankers. 
Fighters  are  both  inbound  to  and  outbound  from  target  areas. 

Some  are  required  to  hold  out  while  others  are  on  the  tanker. 


Some  are  extremely  low  on  fuel,  requiring  coordination  of  prior¬ 
ity  treatment.  In  one  case  Filip  66  is  required  to  cut  short  the 
anchor  and  proceed  toward  a  point  away  from  the  anchor  pattern 
closer  to  an  emergency  fuel  fighter.  The  pattern  is  also  compli¬ 
cated  by  several  weather  cells  which  must  be  circumnavigated 
along  one  side  of  the  anchor. 

After  approximately  1  1/2  hours  in  the  pattern,  enemy  fighters 
attack  the  refueling  formation.  A  nuclear  device  is  detonated 
and  Filip  66  is  subject  to  an  electro-magnetic  pulse  (EMP) .  The 
loss  of  all  non-hardened  avionics  systems  ensues,  leaving  Filip 
66  without  communications  and  with  only  limited  flight  instru¬ 
ments  and  navigational  capability.  Most  electrically  operated 
controls  and  indicators  are  inoperative.  The  boom  operator,  in 
the  boom  pod  without  his  goggles,  is  blinded  by  the  flash.  Filip 
66,  unable  to  see  or  communicate  with  Taco  33,  turns  southwest- 
ward  and  descends  to  FL140  to  maintain  terrain  clearance.  He 
continues  to  dead  reckon  to  a  position  believed  to  be  over  the 
North  Sea  just  west  of  Denmark  and  makes  a  slow  spiraling  descent 
to  VMC  conditions  over  the  water.  He  then  turns  northeast  and 
proceeds  until  landfall  on  the  northwest  coast  of  Denmark.  Using 
dead  reckoning  he  proceeds  visually  to  Aalborg  Royal  Danish  Air 
Force  Base.  A  visual  approach  is  made  to  Aalborg  with  the  ceil¬ 
ing  at  1,100  feet  and  the  visibility  at  3  miles.  The  landing 
gear  and  wing  flaps  are  extended  manually  and  a  successful 
landing  concludes  this  portion  of  the  mission. 
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APPENDIX  B 


QUESTIONNAIRE  FOR  CREW  REACTION 


CREW  REACTION 


WORKLOAD 


Crew  Pos 1 t ion 
Crew  Number 

Mission  Segment; 

Deployment/EWO/Cont i ngency 
AP  1st  Half/AP  1st  Half 
BON/COF/POF 
N/U/UPS 


For 
wh  ic 
each 

the  previous  mission  segment, 
h  best  reflects  your  judgment 
of  the  following  topics. 

mark  on  the  scale  the  po 
of  the  workload  for  you 

s  i  t  ion 
for 

1  . 

TAKE  OFF 

High 

l  !  ! 

Med  i  urn 

Ill  1  !  ! 

None 

1  | 

0 

5 

10 

2  . 

DEPARTURE 

l  !  ! 

ill  iii 

A 

i  J 

0 

VO 

3 . 

CLIMB 

1  !  1 

i  i  |  ;  ;  i 

1  i 

0 

5 

VC 

4  . 

CRUISE 

1  !  1 

!  !  j  !  !  ! 

i  J 

T, 

5 

10 

5. 

AERIAL 

REFUELING 

1  !  ! 

ill  iii 

i  1 

0 

5* 

i'o 

6  . 

DESCENT 

\  '■  '■ 

III  til 

__L„  J 

0 

5* 

10 

7  . 

APPROACH  AND 
LANDING 

\  '■  ! 

ill  i  j  i 

_ 1 

0 

5 

1  0 

8  . 

NAVIGATION 

1  !  ! 

til  iii 

1  1 

0 

VO 

9  . 

COMMUNICATION 

1  !  1 

i  i  |  i  i  i 

i  1 

*0 

5 

VO 

10. 

PILOTING 

1  !  ! 

!  !  |  !  !  ! 

!  1 

*0 

5* 

VO 

1  1  . 

PAPERWORK 

1  !  ! 

111  !  !  ! 

1  1 

*0 

5* 

.  0 
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Esso  2  crew  has  completed  the  exterior  inspection.  The  Interior  Inspection  checklist  is  in  progress.  Esso  lead  is  calling 


Elapsed 
T  ime 
Hr :Min 


r 


altimeter  2990,  fire  coverage  in 


(Experimenter:  We  move  forward 


Esso  flight,  check  in  when  ready 


L 
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00:20  L.O''ir,tj  To*er,  lsso  flight,  ready  !  (Response)  Roger,  Esso  flight, 


(1100Z) 
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Esso  flight,  change  your  call 
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Ground  you  are  cleared  to  continue 
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for  message.  Contact  Tower  when 


(Response)  Roger,  Esso  5,  give 
me  a  call  when  you  get  airborne. 


Tower,  you  are  cleared  into  posi- 


required. 


Loring  departure  control  say  alti- 


Say  intentions. 


direct  clearance  is  not  requested. 


00:47  Esso  5,  this  is  Esso  01. 


(Response)  Roger,  Esso 


passing  Parc  intersection. 


fr o'  hj" o  plate  for*  head  Dancer.  '  on  course  to  Halifax.  '  data  page  entry  or  PPSN  page. 


1  22 


Sierra,  Roger,  go  ahead  Esso. 


Clearance  Pequi regents  (As  Brie 


I  Moridon,  Hotel  Sierra  80  piles  frop 


resets  the  breaker  circuit  switch 


Esso  01  is  halfway  through  turn. 


Moncton,  Esso  requests  VHF  fre-  Esso,  Moncton,  go  132.2. 


Sierra  Lead  clear  of  boom. 


Elapsed 
T  i  r,e 
Hr:  Min 


Can  you  give  me  a  weather  report? 


(Response)  Roger,  Roger,  Esso  (Boom  5  clears  Sierra  7  to  contact. 


(Esso  5  clears  Sierra  9  for  cor. tact. 


(Booi"  5  clears  Sierra  10  to  contact. 


consider  options  listed  in  center 


ii‘rra  12,  Head  dancer,  let 


Ro-.er  Esso,  London  Military,  call 


of  Lead  aircraft. 


nr . 


02:55  ,  Esso  5,  Eastern  Radar  you  are 


1 


Experimenter :  M.,vt-  flight  forward  to  59f  North.  The  flight  is  level  at  FL350,  on  course  to  Sun.burgh  009° ,  270  knots  indicated. 


one  at  SUM  and  one  at  SX V . 


engine  fire  in 


[to  descend 


{ pause  1.  Filip  61,  Filip  61,  I  say  !  Mayday,  mayday,  mayday,  Filip  61 


indiva  ted.  Fuel  status  150K.  The  time  is  006P.Z  when  we  resume  flight. 


Elapsed 


(Roger,  sir.  Filip  66  air  refueling 


Briefed 


TAS  for  Rendezvous 


Bozo  21  copies  1 30 C  pounds  total  for 


L 


beacon . 


(New  ARCP)  Are  you  on  course  toward  ARIP? 


operator  you're  clear  the  radio. 


I 


Bozo  21 ,  disconnect. 


(2! ,  clear  of  boom. 


problem  here.)  24  going  to  pre-contact. 


I  (Bozo  24  cleared  to  contact. 


head  Dancer  cop’.es 


02:20  (Experimenter:  Bodo  Tower  UHf  is 


uu  hold  .ibove  fiiijht  ;  eve 


02:24  Filip  66,  Bodo  Tower  be  advised  my 
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fuel  exhaustion  in  tanks  1  and  2 


Totalizer  shows  400  pounds. 


Situation.  Filip  66  has  been  directed  to  proceed  from  Bodo,  Norway  to  an  anchor  point  to  refuel  random  flights  of  fighters 
with  an  Aalborg,  Denmark  recovery.  Takeoff  is  scheduled  for  07Q0Z,  ARCT  is  0330Z.  (Start  engines  0645Z-Hack  time)  Taco  33 
will  be  numoer  2  tanker.  GCI,  call  sign  Blackball,  will  direct  the  receivers  to  the  fighters  on  364.2.  A/R  frequency  is 
326.6  Bodo  Tower,  118.1  or  270.1.  Filip  66  flight  has  completed  the  Preflight  and  Interior  Inspection  checklists  and  are 


message  follows:  (repeat  messa 


Filip  flight,  Bodo  Ground,  call 


'ower,  you  re  clearei 


parture  Control  119.7.  Squawk  2032. 


00:25  66,  33  here,  would  you  give  me  the  num¬ 

bers  (course,  distance  and  time)  to  wpt 


(Experimenter:  Pre-contact  checklist 
should  be  completed.) 


Elapsed 
T  ime 
Hr:  Min 


L 


Filip  flight,  Filip  flight,  this 


Elapsed 
T  ime 
Hr.-Min 


L 


01:05  Filip  flight,  this  is  Blackball 


01:08  Filip  66,  Blackball,  ident.  (Pause)  4,  clear  to  contact.  Vixon  4  copies. 


r 


181 


Vixon  6,  disconnect  now,  Vixon  6,  disconnect. 


182 


01 :22  Filip  66,  Venom. 


183 


turn.  Venom,  Roger. 


Elapsed 

Time 

HrrMin 


I 


184 


Venom  flight,  let's  go  to  refueling 


second  tank.  Lead  on  lead 


01:32  (Experimenter:  Message  on  HF  radio:  (Boom  66,  contact.)  Venom  4,  contact. 


Elapsed 

Time 

Hr:Min 


— 
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I 


01:36  (Venom  Lead  clear  to  contact.)  Venom  Lead  copies. 


o'clock  position  approximately  4 


for  other  chicks  to  clear  yourboom. 


01:42  Filip  66,  Venom,  thanks  for  the  gas. 


Vampire  3  at  pre-contact. 


Venorn  2,  Blackball,  ident. 


Roger,  Venom  2,  be  advised  we  do  (Boom  66,  contact.)  Vampire  3,  contact. 


aircraft  as  well  as  Vixon  7,  who 


01:50  Venom  2  this  is  Blackball  Control.  Roger,  copy.  Go  ahead.  Blackball,  Venom 


Can  you  clear  your  boom? 


Elapsed 

Time 

Hr:Min 
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and  affect  a  rendezvous  for  you.  Venom  2,  Roger. 


Filip  66,  this  is  Blackball  Control 


Elapsed 

Time 

nr:Min 
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tn  z  h  r  m3:>-H^3  >-33: 


L 

I 

G 


Crew  _ 

Pos i t ion 

H  M 


1  l 


4  l 


5  i 


6  L 


8  L 


10  L 


APPENDIX  D 

EXPERIMENTER'S  OBSERVATION 
WORKLOAD 

SORTIE: 

Crew 


Position 
L  H 
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PERFORMANCE  ASSESSMENT  QUESTIONNAIRE 


APPENDIX  E 


PERFORMANCE  ASSESSMENT 


Crew  Position: 


AREA  BEING  ASSESSED:  (check  one  block  only,  use  separate  sheet 

for  each  block,  a  total  of  8  sheets) 

j  j  Workload 
"  J  Emergency 
j~  ~j  Crew  Accommodations 
j  |  Mission  Effectiveness 
|  j  Take  off 
J  |  Enroute 
|  Refueling 
I  Cargo  Delivery 
^  |  Landing 

Check  the  box  which  best  reflects  your  opinion. 

| j  1.  Not  acceptable.  Unsafe  to  use.  I  won't  fly  this 

— '  cockpit. 

I  ]  2.  Not  acceptable.  Cannot  perform  the  mission.  I  won't 

fly  this  cockpit. 

3.  Marginal.  Performance  entails  great  difficulty  or 

-  risk.  Probability  of  successful  mission  is  under 

10%.  I  don't  want  to  fly  this  cockpit. 

I  1  4.  Marginal.  Performance  is  very  demanding. 

* ’  Probability  of  successful  mission  is  under  50%. 

I  don't  like  flying  this  cockpit. 

| 15.  Marginal.  Performance  is  demanding.  Probability  of 
—  successful  mission  is  under  70%.  I  don't  like  flying 

this  cockpit. 
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I 


Conditionally  acceptable, 
can  fly  this  cockpit. 


Requires  modification. 


Conditionally  acceptable.  Requires  changes  and/or 
adjustment.  I  don't  mind  flying  this  cockpit. 


Acceptable.  Requires  minor  changes.  I  like  flying 
in  this  cockpit. 


Acceptable.  Requires  minor  adjustment, 
flying  in  this  cockpit. 


I  like 


|  1  10.  Completely  acceptable.  I  like  flying  in  this 

cockpit. 


NAME 


COMMENTS:  (Please  expand  upon  your  reasons  for  the  rating  which 

you  gave.) 


>().> 
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APPENDIX  F 


QUESTIONNAIRE  FOR  PHYSICAL  ASSESSMENT 


APPENDIX  F 


PHYSICAL  ASSESSMENT 


AREA  BEING  ASSESSED: 


(check  one  block  only,  use  separate  form 
for  each  block  which  you  assess) 


□ 

LOGISTICS 

□ 

1  TRAINING 

1  1 

□ 

□ 

|  MAINTENANCE 

□ 

|  LIFE  SUPPORT  | 

□ 

□ 

|  RELIABILITY 

□ 

|  LIGHTING  j 

□ 

□ 

|  SURVIVABILITY 

□ 

HUMAN  FACTORS  | 

□ 

□ 

AVIONICS  | 

□ 

FLIGHT  CONTROL 
POWER  PLANT 
COCKPIT  GEOMETRY 


INSTRUMENTS  AND 
CONTROLS 


Check  the  box  which  best  reflects  your  opinion. 


□ 

□ 


1. 


Not  acceptable.  Unsafe,  impractical,  failure  prone, 
enormously  expensive. 


Not  acceptable, 
redesign. 


Potentially  correctable  with  major 


□  3- 

Marginal . 
probability 

□  «• 

Marginal . 
lower  the  p 

□  *• 

Marginal, 
and  which  r 

□  6- 

Conditional 
s  igni f icant 
cost  effect 

□  7- 

Cond i t  ional 
small  but  s 
cor  r ected . 

□ 

00 

Acceptable . 
adjusted. 

Not 


□  □ 


9.  Acceptable.  Very  minor  discrepancies  which  do  not 
have  significant  impact. 

10.  Completely  acceptable. 

NAME  _ 

COMMENTS:  (Please  expand  upon  your  reasons  for  the  rating  you 
selected . ) 
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END 


DATE 

FILMED 


DTIC 


